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NOW, YOU CAN HAVE 
SCHLUMBERGER QUALITY 
N RADIOACTIVITY 


Schlumberger Gamma Ray and 
Neutron Logs offer these unique 
advantages: 


They are recorded simultaneously 
on film and prints are immediately 
available in the field. The finished log 
is delivered to you without tracing. 


« j They are unaffected by high 
d drill hole temperatures. No base line 
correction or adjustment is necessary. 


They are dependably and 
accurately calibrated in easily 
used units. 


= 
. x The instruments are built in 
. sizes appropriate for all open and 
' a / cased hole conditions. Separate 
\ a instruments—both Gamma Ray and 
° Neutron—are available for operation 
\ in 2” tubing. 
Increasing numbers of the 
\ Schlumberger Gamma Ray instruments 


employ a very sensitive scintillation 
detector. 


. The designs of the Neutron 
\ e \ instrument and the protective source 
. , carrier, positively eliminate 
\w \ radiation hazards. 








When your Exploration and Production Programs include Radio- 
activity Logging, Be Sure on Every Survey—call Schlumberger. 








For additional information, 
call your local Schlumberger 
engineer, or write for 

our brochure on 
Radioactivity Logging. 


SCHLUMBERGER 


Well Surveying Corporation 
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CTVI1ICE 


BEAT THIS PATH years ago we adopted a new concept of service — based 


There are more degrees of service than you can shal 
a slide-rule at. We know. Service is our business. Thirt 


AROUND THE WORLD the belief that business is more than a device for mak 
money, that greater satisfaction comes from perforn 
the best possible service to the oil industry, regardles 
location or fee. We didn’t imagine that such a pol 
would beat a path around the World. But it did. Bett: 
E. ; service is a big reason for Halliburton’s wide and grow 
PROGRESS IN SERVICE THROUG? 
popularity. And research is our most important servi 


HALLIBUR »N WELL CEMENTING COMPANY 


DUNCAN, OKLAHOMA 





The barrel of oil you discover or purchase, in place in 
a reservoir, is not a barrel of oil when it reaches the 
stock tank. 


Specifically, as one barrel of reservoir oil is brought to the 
surface (and its gas comes out of solution) it shrinks to 
less than a barrel. Often this deterioration of reservoir 
revenue runs as high as 60 percent. 


You can’t eliminate the loss but you can minimize it. 
Because the shrinkage factor is directly related to the 
amount of gas allowed to evolve from its oil at the 
separator, an analysis of the reservoir’s individual fluid 


RESERVOIR FLUIDS 


characteristics and behavior will reveal the proper choice 
of back pressure on the separator for obtaining an optimum 
balance of reservoir material. 


This particular use of a Core Lab Reservoir Fluid Analysis 
Report is only one of several direct benefits. If obtained 
and applied early in the life of key wells these P-V-T data 
provide a key to establishing and maintaining a sound, 
overall economic-engineering program throughout the pro- 
ductive history of an entire field. 


Proportionately, no other set of reservoir data can have 
more tangible effect on present and deferred income. 
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CORE LABORATORIES, INC. 
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BAKER 


RETAINER 
PRODUCTION PACKER 


Do you know that with only ONE Baker Retainer 
Production Packer you can equip your well for either 
SINGLE ZONE or DUAL ZONE production? And that 
you can accomplish any type of completion for any 
method of production to meet fixed or changing well 
conditions? 

A single Baker Retainer Production Packer will also 
outperform many specialized tools when used as a TEST- 
ING PACKER — SQUEEZE PACKER — GAS LIFT 
PACKER — PERMANENT COMPLETION PACKER 
— WATER FLOOD PACKER — GAS INJECTION 
PACKER — CORROSION CONTROL PACKER — 
TUBING ANCHOR — ONE-WAY BRIDGE PLUG — 
PERMANENT BRIDGE PLUG. 


Every production man should be familiar with the many 
operating advantages of this “Universal Type” Packer, 
which include . . . 


WIRE LINE SETTING — [he packer can be set with wire line speed 
and accuracy, using the same set-up just used for perforating. 
The Baker Packer also can be set on drill pipe or tubing. 


SETTING UNDER HIGH PRESSURE —By using a lubricator, the Baker 
Retainer Production Packer can be set under high pressure. From 
the moment it is set, the self-contained, flapper-type, back-pres- 
sure valve closes and isolates pressure below the packer. 


TUBING STRING IS ALWAYS “FREE” — Chat valuable string of 
tubing—whether 1,000 feet or 16,900 feet in length—can be re- 


moved by simply picking up the tubing weight. 


EXCESSIVE “SET-DOWN” WEIGHT OR TENSION NOT REQUIRED 
—Even when squeezing, formation fracturing, or producing at 
any depth under pressure, a perfect pack-off is maintained inde- 
pendent of excessive set-down weight, or tension. 


HOLDS PRESSURE DIFFERENTIALS FROM ABOVE OR BELOW ~! WO 
sets of opposed slips, and a resilient packing confined by lead and 


metallic sealing rings, effect a permanent pack-off that will hold 
any pressure differential either from above or below the packer 
that is safe for the well equipment. 
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Pressuring Below Packer — 
Aid or cement squeeze, formation 
. fracture, gas or water injection. 
Anchor Tubing Seal Assembly is 
used when high squeeze pressures 
- are required. 





PACKS-OFF AND HOLDS UNDER HIGH BHT Baker Retainer Pro- 
duction Packers will hold high pressures under conditions of high 
temperatures. Hundreds of Baker Packers are in 
in Southwest and Gulf Coast areas where temperatures in excess 
of 300 degrees are not uncommon. 


iccessful service 


RESISTS CORROSION—The cast-iron used in the construction of 
Baker Packers is far more resistant to corrosion than the casing 
in which the packer is set, thus making it ideal for permanent 
installations, or for use in areas plagued with a 
problem. 


severe corrosion 


EASILY DRILLABLE— The Baker Packer is constructed of drillable 
cast-iron, and its design supplements the breaking-up action of 
the bit. Whether it has been in the well for only a few hours, o1 
for ten years, the Baker Packer can be drilled up in minimum 
time. Expensive and hazardous “milling-out” operations never 
are required. 


IMPORTANT FACTS 


Baker Packers are used in a majority of installations where con- 
ditions of extreme pressure, temperature, or depth are present 
Baker Packers also dominate Dual Zone installations, particularly 
those involving two-packer, crossed-flow arrangements. 





Isolate Zone Below Packer — 
Tubing String removed, Flapper working over zones above the 
Valve closed. Isolates pressure . packer, Dit Pivg is run in on Boker 
differentials (squeeze, production) Retrievable Comenter and re 
from below the packer. trieved with overshot. 


Temporary Bridge Plug — fo: 





BUT IT IS ALSO TRUE that more Baker Packers are used for 
simple single zone completions than for any other type of con 
pletion, and that most Baker Dual Zone installations empl 
only one packer. 


Ask any Baker representative, or office, for complete detail 

There is no charge, and no obligation, for specific recon 

mendations and completion planning advice available fron 
Baker Technical Advisers. Why not be prepared for your 
next completion? 


BAKER OIL TOOLS, INC. 


HOUSTON @ LOS ANGELES e NEW YORK 









If your well 

is worth 
completing 
it’s worth 








completing 
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RETARDED ACID 


DOWELL’s delayed-action acid resulted in more effective acidizing 
far back from the well bore—boosted production 120 popo 


to penetrate farther than ordinary acid before spending 


After a treatment with 1000 gallons of regular acid, this well 
—-completed in a fast-reacting limestone pay—limped along 
at 24 Bopp. The offset wells had been treated with regular 
acid three times each—but with no production increase 
over the first treatments. 

The operator called in Dowell engineers. They recom- 
mended that the well be treated with 3000 gallons of Re- 
tarded Acid. As a result of this treatment, production 
promptly jumped to 144 Bopp. 


Retarded Acid contains an additive agent which retards the 
reaction of the acid with the formation. This allows the acid 


services for 


itself. Retarded Acid has proved effective in limestone or dol- 


omitic formations that have fractured or vugular porosity. 


By opening up the formation farther back from the well 
bore, Retarded Acid is designed to obtain better oil recovery 
—using less acid. For fast-reacting fractured or vugular 
limestone, Retarded Acid is your best buy today. 


For more information or service, call any of the 165 Dowell 
offices in the United States and Canada—in Venezuela, 
contact United Oilwell Service. Or write Dowell Incorpor- 
ated, Tulsa 1, Oklahoma, Department G-135. 


the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 





FEATURE ARTICLE 


CANADIAN OIL at the EIGHTH MILESTONE 
(1947-1955) 


Introduction 


Recently Canada celebrated the eighth anniversary of 
a discovery which to Canadian oil men ranks with that 
made by Columbus. The finding of crude oil at Leduc, 
Alta., eight years ago on Feb. 13 had some other simi- 
larities with the experiences of Christopher Columbus. 


As with the discovery of America, the significance of 


finding oil in Canada was not immediately recognized. 
Today, at the comparatively advanced age of eight, and 
with an unprecedented rate of growth, there are few 
who are not aware of the size or importance of the 
Canadian development. 


It seems appropriate at this time to examine some of 
the factors influencing the economic behavior of this 
new supply source—not in detail, but rather in terms 
of future growth. 


Canadian Oil Today 


The stature of present Canadian oil can be measured 
with considerable ease and a minimum of statistics. 
Eight years of progress has brought the industry to the 
point where it supplies the needs of virtually all of 
Canada west of Toronto on Lake Ontario. This is in 
marked contrast with the 1947 situation in which an 
area near the Arctic Circle and another around Calgary 
were the only sections supplied with local crude. 


This widening of the area supplied reflects the growth 
of total reserves from 72 million bbl to some 2% bil- 
lion and of daily average production from a declining 
position at 20,000 to a position with excess maximum 
efficient recovery at 260,000 bbl. Potential production 
has risen to around 420,000 bbl. There are a great 
many other measurements of progress which could be 
enumerated, but the one which is perhaps most strik- 
ing from a Canadian viewpoint is that current produc- 
tion with a 1954 gross value of $245 million effects a 
foreign exchange saving of considerably more than that 
amount. This saving of foreign currency is in U.S. 
dollars, and it is augmented by the inflow of additional 
cash for investment in oil development by companies 
and individuals. 





Paper presented at AIME Annual Meeting in Chicago, Feb. 18-17, 
1955. 
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IMPERIAL OIL LIMITED 
TORONTO, CANADA 


This aspect is the more noteworthy because 1947 
was a year of crisis for Canadian currency. Drast 
controls were introduced in that year to prevent the 
Canadian dollar from going to an excessive discount 
Today, after eight years of oil development, our chie! 
exchange problem is to prevent the Canadian dolla! 
from going to an excessive premium. In fact, the ex 
change premium is currently costing Canadian pro 
ducers some 10 cents/bbl in wellhead price, which is 
the amount by which competitive imports are reduced 
in price by the exchange differential. 

While it would be wrong to credit oil with being 
more than one factor among many in changing Canada’ 
exchange rate, it is certain that the oil development 
has contributed heavily to a northward shift which has 
taken place in the continent’s economic center of gray 
ity. Canadian oil, together with other resource develop 
ment, has helped to change continental relationships 

The continental aspect soon strikes any serious stu 
dent of the development, whether from a geological! 
financial, industrial, economic, or strategic standpoint! 
From all points of view, Canadian oil has continenta! 
implications and involvements. 
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Prairie crude has reached markets nearly 2,000 miles 
from the fields, traveling over interior lines, which are 
high in cost relative to ocean tanker rates. 





The Development 


Geologically, the Western Canada Basin is a part of 
the central sedimentary area running from the Gulf of 
Mexico to the Arctic Ocean. For the most part, the 
Canadian development has naturally involved similar 
operating techniques to those used in the Mid-Continent, 
Rocky Mountains, and Permian Basin areas. The Cana- 
dian climate and terrain in some parts of the basin in- 
troduce complicating factors not usually experienced in 
the United States. In northern areas remote from set- 
tlement, the requirements of camps and special equip- 
ment have to be geared to extremes of temperature and 
occasionally to long periods of isolation. By and large, 
any additional costs involved are a function only of 
terrain and remoteness, rather than international bound- 
aries. 

From a financial standpoint the continental aspect is 
also pronounced. The Canadian development has been 
financed in basically similar fashion to that in the United 
States; that is, with risk capital furnished by earnings 
plowed back by the oil industry, with risk money from 
the investing public and mortgage money from lending 
institutions. 


U. S. Capital 

In this connection, the role that the new U. S. capital 
has played in the Canadian development is important 
and yet sometimes exaggerated. While it is not possible 
to state with any degree of accuracy the extent to which 
the Canadian oil industry has been financed by funds 
from the United States, in terms of book value United 
States investment now represents some 50 to 60 per cent 
of the total investment. 


It is worth noting that all types of operations have 
been represented in this movement of capital from the 
major oil companies to the lease brokers. This percent- 
age, of course, is substantial— with cumulative expendi- 
tures to date amounting to $2,600 million. But more 
surprising is that Canadian capital should have con- 
tributed as much as it has to the development when the 
small extent of crude oil resources prior to 1947 is 
taken into account. 


Perhaps the most significant difference between the 
U. S. and Canadian scenes from an operational stand- 
point is the ownership by the provincial governments, 
of from 50 to, in some areas, 100 per cent of mineral 
rights. This means that the mineral owner’s revenues, 
which go to enrich the landowner in U. S. oil-producing 
areas, largely go to enrich the provincial governments 
in Canada. 

In ancillary industry, such as petrochemicals, etc., 
the Canadian development has been closely similar to 
the continental pattern. But since it has taken place in 
the heart of the continent, in an area with compara- 
tively little previous industrial deveiopment, the impact 
has been very apparent. 


Rate and Character of Development 


The rate and character of oil development since 
Leduc has been influenced by a combination of factors 
worth noting. Discovery of two major pools at Leduc 
and Redwater within a year, in an area dependent on 
high-cost imported supplies, led to rapid expansion of 
local refinery capacity and early justification for a major 
pipeline outlet. 


At the same time, lease obligations on government 
lands were generally designed to promote rapid evalua- 


tion in the exploration stage and rapid development 
after discovery. In all western provinces, regulations on 
government land involve work obligations and gradu- 
ated rentals during the exploration phase; after discov- 
ery, leasing on a checkerboard pattern leaves proven 
acreage for sale by closed tender bidding to the govern- 
ment. 

This has been and continues to be an important 
economic factor since the government holds mineral 
titles on 50 per cent to 100 per cent of acreage in 
Western Canada. In this atmosphere, pressures and 
problems that have taken many years to evolve in 
other areas were quickly generated. The Canadian in- 
dustry has had to condense a great deal of experience 
into a few short years, and was inevitable that it 
should borrow from the accumulated oil history of the 
United States. Conservation legislation and regulatory 
practices have been established with the full background 
of legal and operating experience of the Mid-Continent 
and Texas. Prorationing to market demand was set up 
mn Alberta early in the conservation program. 


g 
it 


Provincial administration has been of a very high 
order with full recognition given to the identity of inter- 
est between producer and mineral owner. At the same 
time a strong industry association has grown up to han- 
dle the manifold problems of industry and public rela- 
tions which were all the more acute because of rapid 
development. 


Advantages of Experience Abroad 


One of the advantages that Canada has gained from 
experience abroad is that of being able at this early 
stage to better evaluate crude reserves and ultimate 
potentialities of the Canadian region. Reserves of light 
crude, currently estimated to be as high as 2% billion 
bbl rose by 370 million bbl in 1954, which may in 
time with revisions and extensions approach 600 million 
bbl. This is six times the year’s crude production. 

On the basis of exploration experience to date in U. S. 
sections of the continental basin, the prospective area 
of Canada should develop from 20 to 25 billion bbl of 
light crude over a normal producing generation. There 
are, of course, additional resources in the form of heavy 
crudes, oil shales, and the famous tar sands of Atha- 
baska—the latter alone being estimated at the equiva- 
lent of 100 to 300 billion bbl 

It is not necessary to speculate on the tar sands to 
assess the importance of future Canadian oil prospects. 
The estimate for light oil of 20 to 25 billion bbl is suffi- 
cient to forecast a producing rate of several million 
barrels daily, and a lasting development of petroleum 
energy on a large scale. Of course, this is a long term 
viewpoint in which time is a relative term. 


Markets for Canadian Oil 


The current problem of Canadian oil is not connected 
with ultimate possibilities so much as with proximate 
realities. Today, Western Canada has a potential at 
maximum efficient recovery rates of about 420,000 B/D. 
Actual production for 1955 will probably average about 
330,000 B/D, with closed in production of some 100,000 
B/D of 30 per cent. The markets being supplied in 
1955 will, it is estimated, consist of the following areas 
and average year’s quantities: 
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West Coast B/D 


British Columbia 49,000) 86,000 
Puget Sound : 37,000) 


The Canadian Prairie Provinces 118,000 


Eastern Movement 


The U. S$. Lakehead-Minneapolis area 21,000)126,000 
Ontario ae De rl -_ 105,000) 


330,000 


Three Successive Phases 


Canadian crude has spread out to serve these markets 
in three successive phases. First came the prairie prov- 
inces, whose needs were satisfied by the middle of 1949 
with the completion of refinery expansion programs. 
Then followed extension eastward to Ontario, by con- 
struction of the Interprovincial pipeline which now ex- 
tends some 1,700 miles from Edmonton to Sarnia. This 
system has an ultimate capacity of about 300,000 B/D. 
The movement into Sarnia brought Canadian oil into 
competition with the many and varied supplies entering 
the Great Lakes market. With major pipeline systems 
from the Gulf, Mid-Continent, and Rocky Mountain 
areas, plus offshore supplies moving west from Montreal 
and the Hudson River Canal, this area represents world- 
wide oil competition. The price of Canadian crude ac- 
cordingly has reflected, and continues to reflect, all these 
forces. The latest market to be added, British Colum- 
bia and the Pacific Coast, came with the completion of 
the Trans-Mountain pipeline in 1953. 


No price reduction was required to establish this 
movement, since limiting competition was set in the 
eastern market. At present, despite low ocean tanker 
rates, Canadian crude is competitive in this area with 
all sources of supply. 

In these various advances, the economic develop- 
ment of Canadian crude has been moulded by its peculi- 
arly landlocked environment — a characteristic which 
has had an unusually marked influence on its past de- 
velopment and future prospects. 


Offshore Imported Crudes 


Reduced to somewhat over-simplified terms, the land- 
locked feature of Canadian crude means that it must 
compete at long range with offshore imported crudes. 
And where the orbits of most competitive crudes are 
conditioned by large ocean tanker transportation costs, 
Canada’s crude must adapt itself economically to pipe- 
line transport costs. In other words, Canadian crude 
must move at costs of roughly 3 cents/ 100 bbl miles in 
big inch pipeline systems. Tanker-borne crude, traveling 
at perhaps 1 cent/100 bbl miles can be moved well over 
5,000 miles for as much as it costs to move Western 
Canadian crude the 1,770 miles from Edmonton, Alta., 
to Sarnia, Ont. In effect, Canadian crude must absorb 
4 cents/100 bbl miles moving toward tidewater compe- 
tition. It is also apparent that the waterborne crude has 
the advantage in flexibility of route as well as cost. 

The comparatively rigid and high cost transportation 
connections through which Canada’s crude must operate 
imply two basic economic considerations for the indus- 
try. First, Canadian crude prices will inevitably reflect 
a heavy transportation “penalty.” Second, any decision 
for marketing Canadian oil, due to the relative inflex- 
ibility of the transportation system, will have very lasting 
effects. 

A third consideration should be mentioned. Since the 
majority of mineral rights in Western Canada are held 
in trust for the people, the governments of these prov- 
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inces represent the mineral owner's interest in gaining 
the best possible return for oil at the wellhead. This 
strengthens the natural objective of the producer to gain 
the best possible price for his oil. Added to the compara- 
tive rigidity of an industry which must operate on in- 
terior continental lines, it lends further emphasis to the 
industry’s desire to avoid any unnecessary, though none 
theless permanent, transportation penalties. 


The relative wellhead prices of comparable American 
crudes — translated into U. S. currency — show this 
transportation disadvantage as follows: 


Per Bb! 


Edmonton (Redwater) $2.58 
Rocky Mountain __. , 2.80 
Mid-Continent _.. . 2.80 
et + ee 2.80 
California . 3.21 
Venezuela (f.o.b. tanker) 2.85 


A Major Consideration 


The figures demonstrate the price situation as it 
stands today and, why facing a differential of 22 
cents/bbl or more, Canadian oilmen must stop to con- 
sider before risking any further detraction from the 
long term attractiveness of Western Canada as an area 
in which to look for crude oil. Canadians sometimes 
think of all mining and mineral production as being 
similar to gold, with its fixed high price which makes 
it profitable to search for gold in almost any part of 
the world. With the increasing emphasis on crude min- 
eral production, such as oil and iron, it is becoming 
realized that many minerals are only valuable if they 
can be brought cheaply to good markets, a state of 
affairs which can by no means be taken for granted 

One deduction from these various considerations, is 
that Western Canadian crude can probably never eco- 
nomically supply the entire Canadian market. The short- 
est route of physical movement from Edmonton to 
Halifax would be over 3,000 miles. From Edmonton 
to Montreal is about 2,300 miles. Perhaps the longest 
overland supply route traveled by crude in the United 
States is from West Texas to the Great Lakes—wel! 
under 1,500 miles. Without entering into other factors, 
it seems that the Canadian eastern seaboard market 
presents a most difficult transportation hurdle. On the 
other hand, the distance factor which limits eastward 
expansion is an advantage on the west coast where 
alternative supplies have a much longer haul. 


This consideration, taken in conjunction with our 
growth forecasts which indicate a daily potential of 
more than 1 million bbl by 1960, poses as neat a set 
of problems as any eight-year-old ever had to solve. 





The Demand 


To begin with, no rational forecast of Canadian de- 
mand indicates more than 650,000 B/D by 1960 for 
the nation as a whole—and of this 650,000 B/D, only 
400,000 B/D is in the parts of Canada now being 
supplied with Western Canadian crude. If we add in 
the Puget Sound, already being supplied with Canadian 
crude, and allow for the probable growth in demand 
of these present marketing areas, the outlet for Cana- 
dian crude grows to 550,000 B/D by 1960—still not 
much more than half the potential, and there will stil! 
be some 400,000 B/D or more looking for market. 

An obvious suggestion is that the pipeline should be 
extended to Montreal, which by 1960 should be con- 
suming up to 200,000 B/D. This has some superficial 
appeal, since the economies of larger-scale pipeline 
transport would help to offset the wellhead price reduc- 





tions necessary to compete with offshore supplies. The 
end result would commit western crude to compete at 
the end of a 75-cent haul, against the Gulf and Carib- 
bean operating some 37 cents away from their home 
base. That is, Canadian crude would be committed— 
and committed through the inflexible medium of a pipe- 
line—to compete with these crudes at double the trans- 
port handicap. 


Protective Tariff Proposed 

In a period of ample supply, reducing price is no 
assurance of capturing a market, but the big catch is 
the permanence of such price reduction and its effect 
on future development. The realization of this aspect 
has led some people to suggest imposing a protective 
tariff on crude entering Canada. 

Now, most oilmen find tariffs, quotas, and other 
trade restrictions repugnant in principle, even though 
there seem to be exceptions which justify such prac- 
tices. Only a very serious situation could justify such 
a move, especially by a country which has so good a 
record in trading practices as Canada. 

Moreover, there are practical objections to such a 
tariff proposal. The first is that while a tariff might 
temporarily help to extend the market eastward, it 
would have the effect of limiting the competitive posi- 
tion of the crude in other directions. In fact, a tariff 
in this case could only be construed as a form of 
transportation subsidy. 

A second objection is that gasoline is already one 
of the most heavily taxed commodities in Canada, far 
more so than in the United States. Any additional tax 
on this major source of energy would represent a hand- 
icap to the ability of Canadians to carry on their work 
economically and competitively. 


Answer to the Problem 


What then is the answer to the problem of future 
outlets for Canadian crude? If “future” is defined as 
some time beyond the point of accurate prediction, 


then the answer is exceedingly simple—the problem 
will disappear. 

This paper has discussed the problem of 1960—the 
stage at which Canada’s growing crude potential finds 
the bonds of land transportation most restricting. The 
paper approaches the problem of 1960 with the think- 
ing of 1955—a year in which oil supplies are ample, 
and nationalistic as opposed to continental thinking 
tends to be tolerated. 

A realistic look at the future must take into account 
a growth in continental oil requirements to a figure of 
12 to 14 million B/D in the next 20 years. Now, no 
matter how pressing current problems of market out- 
let are, it can be agreed that the normal optimism of 
oil seekers will have plenty of latitude in this outlook. 
The long term problem really is to ensure the max- 
imum rate of exploration effort and the maximum 
development of oil resources against this outlook. 
Within this framework, the forecasted Canadian pro- 
duction is not a problem but an essential. 

fhe timing of new resources and new needs is a 
function of many factors which can neither be pre- 
dicted nor controlled, but there is the historical record 
of the oil business to show that the joint forces of 
supply and price cannot remain out of equi’:brium for 
any length of time. In this equilibrium, it is axiomatic 
that oil supplies should move to the nearest and best 
priced market, representing the maximum incentive 
to the producer and the royalty owner. Any devices 
which endeavor to ignore this axiom must inevitably 
distort or retard sound development. 

The author’s appraisal indicates that in the short- 
run outlook, the solution to successive marketing prob- 
lems will probably be piecemeal. Western Canada’s 
markets will grow city by city, and refinery by refinery, 
rather than by the tremendous leaps they have taken 
in the first eight years. What can be looked forward to 
is steady growth and consolidation. Possibly this is the 
best indication that, at the eighth milestone, Canadian 
oil is approaching maturity wee 
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ADVANTAGE of a COORDINATED FORMATION 
EVALUATION PROGRAM 


H. M. SHEARIN, JR. 
J. R. LATIMER, JR. 


Abstract 


The importance of obtaining sufficient reliable data 


on reservoirs has increased in recent years as wider 


use is made of reservoir engineering technology. These 
data can be obtained at minimum cost through a co- 
ordinated formation evaluation program during the 
development of a reservoir. Such a program and its 
benefits are outlined, and the results of the application 
of a program in a Strawn lime field is presented in this 
paper. 


Introduction 


The growth of reservoir engineering over the past 
1S years has caused a fundamental shift in the ap- 
proach to the production of oil. The oil operator in 
the 1920’s and 1930’s was primarily concerned with 
finding a porous zone which would give up oil. He 
drilled with tools which were constantly improved, 
and gradually he learned to employ the newly devel- 
oped logging devices which helped to locate the oil 
pays. Relatively speaking (compared with today), there 
were large amounts of oil to be found fairly cheaply 
at shallow depths. Exactly how much oil he found 
or about how long it would take to recover it was 
of concern to the operator, but how to determine 
these factors was not known at that time. 

Today’s outlook is different. There has been a shift 
from thinking about individual well behavior to think- 
ing about the entire reservoir. The basic reservoir con- 
cepts of Schilthuis’, Buckley and Leverett’, and others 
have been tried and proved and expanded. Much was 
learned about reservoir theories during World War II 
when many reservoirs were produced at high rates with- 
out apparent damage. Today, reservoir engineering has 
progressed so that the behavior of a reservoir can be 
predicted with reasonable accuracy. 

The reliability of reservoir performance predictions 
depends upon the accuracy of the reservoir data. As 
new oil reservoirs are found at deeper depths and 
are more costly to develop, accurate recovery predic- 
tions grow more important so that a proper evaluation 
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of risks can be made. Today also finds a new and 
growing need for reliable recovery predictions to estab- 
lish the feasibility of unitized operations. 


Every prudent operator attempts to secure all the 
information he can about his reservoir, often through 
some systematic program. That some operators get 
very little information and that others amass huge 
amounts of data (at a huge cost) is widely recognized. 
Many operators, large and small, have found it hard 
to strike a balance between necessary and superfluous 
data, regardless of cost. This paper presents a program, 
and factors to consider in implementing such a pro- 
gram, which can be used as a guide for obtaining ade- 
quate, reliable reservoir data. 


Advantage and Benefits of a Coordinated 
Formation Evaluation Program 


The advantage of a coordinated formation evaluation 
program is that sufficient data on the reservoir rock 
are obtained, in usable form at the time needed, at 
reasonable cost. Having adequate data available is of 
extreme importance at the time recovery calculations 
are started and when equities are determined for unit- 
ized participation. Usually, drilling is substantially com- 
plete at those times, and such data may be unavailable 
unless a coordinated formation evaluation program has 
been employed. In many instances, lack of coordina- 
tion in obtaining data results in additional drilling and 
other expensive procedures to secure adequate infor- 
mation. 

Benefits from a successful formation evaluation pro- 
gram accrue at many stages during the producing life 
of the reservoir. First, and most attractive to the opera 
tor at the time the program is started, is the estab- 
lishment of a sound reservoir basis for well comple- 
tions. The operator thus gains through standardized 
optimum completion procedures which minimize future 
workovers to secure proper reservoir drainage. 

The greatest benefit derived from a coordinated forma- 
tion evaluation program is the supply of reliable data 
on the reservoir rock, which, when used with data on 
the reservoir fluids, permit reasonably accurate deter- 
mination of recovery from the reservoir. This allows 
early appraisal of the merits of pressure maintenance 





or secondary recovery after primary depletion, which 
may result in additional hydrocarbon recovery. 

Benefits from a coordinated formation evaluation 
program may also be gained when unit operation of 
a reservoir is considered. In Texas, Senate Bill 24 
(1949) provides that operators may join together in 
unit operation in order to prevent waste. The appor- 
tionment of interest in a unit can be made more easily 
and fairly on each operator’s properties when a com- 
plete set of data is available. Without such data, some 
units have been forestalled indefinitely, and in others 
some operators have been forced to spend large sums 
to establish their equities. The program outlined in this 
paper is designed to avoid such problems. 

Adequate knowledge of the properties of the res- 
ervoir rock is also beneficial during depletion of the 
reservoir. In competitive operations, reservoir engineers 
can predict fluid migration, which will enable the 
operator to take corrective measures to maintain his 
participation in production. Formation evaluation data 
are necessary to check reservoir performance at various 
stages of depletion so that maximum recovery is ob- 
tained. Furthermore, a realistic analysis of problem 
wells can be made only when adequate reservoir data 
are available. 


Sources of Formation Evaluation Data 


The basic data necessary to evaluate oil and gas res- 
ervoirs consist primarily of the following: (a) net res- 
ervoir oil and gas zone thicknesses, (b) productive 
limits, (c) porosity, (d) interstitial water saturations, 
(e) residual hydrocarbon saturations, and (f) reservoir 
conformance data. These data, together with the data 
on the properties of the fluid in the reservoir, enable 
the reservoir engineer to make predictions describing 
future performance and to evaluate various producing 
plans available to the operator. The reliability of the 
reservoir engineer's analyses is dependent upon the 
quality of the data which are available to him. 

Formation evaluation data are generally obtained 
from core analyses, well logs, and formation tests. The 
coordinated formation evaluation program is essentially 
the employment of the three basic data sources so that 
the information from each complements the informa- 
tion from the others. No single method of obtaining 
fe-mation evaluation information is adequate to give 
all the data necessary. Core analyses come closest to 
giving all the desired information; they are also the 
only means by which some of the information can be 
obtained. The coordinated program, therefore, includes 
a well-planned program of coring and core analysis 
supplemented by well logging and formation testing. 


Coring and Core Analysis 

A great amount of effort has been put into refining 
techniques of obtaining cores and into developing 
methods of learning their secrets. The use of diamond 
coring equipment and developments in conventional 
core-cutting methods‘ have made it possible to obtain 
fairly reliable samples of adequate size of almost any 
reservoir rock. 

Technological developments in reservoir engineering 
have created a need for more accurate core analysis 
data and also for new measurements that have not 
been made in the past. On a routine core analysis, 
most laboratories measure porosity, absolute permea- 
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bility, and core fluid saturations. In addition to the 
data normally determined, the reservoir engineer needs 
data describing the fluid distribution in the reservoir, 
the residual oil saturation after water flooding, the rela- 
tive permeability relationships, and in some instances 
the electrical properties of the rock. In order to make 
these measurements accurately, cores of sufficient size 
should be taken from the reservoir. In sandstone res- 
ervoirs, cores about 3 in. in diameter are required so 
that plugs 1 in. in diameter and 2 in long may be 
cut parallel to the formation bedding planes. Large- 
core analysis is generally used on fractured or vugular 
formations, and the core size needed for this analysis 
is from 3 to 5 in. in diameter and 8 to 12 in long. 

Analytical techniques now available require cores 
of sufficient size which have been handled properly 
to provide accurate data on the core properties. The 
handling of the cores prior to the analysis is as im- 
portant as the analytical techniques used by the labora- 
tory when reliable data are to be obtained.’ The co- 
ordinated formation evaluation program should be 
planned so that the core properties to be measured 
are not destroyed before the core reaches the laboratory. 


Well Logging 

The realization that more and better basic reservoir 
information is needed, and that some of the data can 
be obtained at lower costs through log interpretation, 
has resulted in development of new well logging tech- 
niques and improved methods of interpreting logs ob- 
tained by older methods. Certain quantitative log inter- 
pretation methods are now accepted by the industry. 
Data on porosity, interstitial water saturation, and res- 
ervoir thickness usually can be obtained when the 
proper logs are run and proper interpretation tech- 
niques are utilized. 

There are many different types of well logs, any one 
of which may provide valuable formation evaluation 
data. The coordinated formation evaluation program 
provides for determining the logging methods that will 
yield the most information, and these logging methods 
should be used in the wells drilled to the reservoir. 


Testing 

The third data source is the principal means of 
defining the productive limits: formation testing. A 
number of important improvements in testing tech- 
niques and tools have become available in the past few 
years, and these improved methods should be used 
wherever possible. It is important that drill-stem tests 


provide as accurately as possible a measure of the 


capacity and fluid content of the zone tested. 


A Coordinated Formation Evaluation Program 


The ideal time to obtain the data required to evaluate 
a subsurface oil or gas reservoir is during the develop- 
ment of the reservoir. The coring programs and virtu- 
ally all of the logging must be done when the wells are 
drilled. This is the time when the data can be obtained 
at a minimum expense. This is also the time when the 
reservoir engineer should see to it that the data he will 
need are obtained so that he can cope with the various 
problems that will arise during the development and 
depletion of the reservoir. A coordinated formation 
evaluation program should therefore be planned shortly 
after the discovery well in a reservoir is drilled. 
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A program which has been found to provide ade- 
quate data at a minimum expense as new reservoirs 
are developed consists of the following principal ele- 
ments: 


1. Key wells are selected at uniform intervals to 
provide representative coverage over the reservoir. 
These wells are then: (a) cored through the entire 
reservoir section, and (b) logged with various logs 
which have quantitative interpretation applications. 


2. Complete core analyses are obtained on cores of 
key wells for: (a) porosity, (b) permeability, (c) in- 
terstitial water saturations, (d) residual hydrocarbon 
saturations, (e) capillary properties, (f) relative per- 
meability to reservoir fluids, and (g) electrical prop- 
erties. 


3. The logging method which provides the most re- 
liable quantitative and other information (determined 
by key well data) is applied in non-key wells. Ordi- 
narily, this will require similar well completions to the 
key wells. Such a program permits direct comparison 
of logs of all wells. 


4. Wells which penetrate gas-oil and oil-water con- 
tacts are tested to determine those contacts as nearly 
as possible. Log interpretation of contacts should be 
utilized wherever possible to minimize the testing re- 
quired. 


5. A continuous search is maintained for improved 
techniques and procedures, and a careful check is kept 
on the quality of the program in progress. 

While the above program is tailored for development 
of a new reservoir, parts of it may be adapted to old 
reservoirs where little or no formation evaluation data 
are available. Only a small amount of data is available 
on many prolific reservoirs which were drilled before 
the advent of accurate well logging and core analysis 
methods. In many instances, it is possible to obtain 
much-needed basic information on these reservoirs with 
the tools now available. For example, in one large Gulf 
Coast field, a coordinated program has been employed 
to obtain data from wells drilled 20 years ago, so that 
reservoir performance can be studied and maximum 
recovery assured. A coordinated formation evaluation 
program in this type reservoir has important benefits, 
which in some instances may equal those from such a 
program in a new reservoir. 


Suggestions in Applying a Coordinated 
Formation Evaluation Program 


The application of a coordinated formation evalua- 
tion program in a new reservoir involves all phases 
of reservoir development. The planning and adoption 
of the program should be accomplished as soon after 
the discovery of the reservoir as possible, since the pro- 
gram should result in significant savings in developing 
the reservoir. It must be realized that each reservoir 
presents different problems, and no specific rules can 
be set out that will cover all cases. However, listed 
below are a number of recommendations which have 
been found useful in putting a program like the one 
described above into operation: 


1. Select key wells so that information is obtained 
on the entire reservoir, both areally and vertically. 
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2. Choose a coring method that will give as much 
core recovery as possible. 


3. Obtain cores that are large enough for accurate 
core analysis. 


4. Protect the cores so that the desired properties 
to be determined are not destroyed before the core 
reaches the laboratory. 


5. Consider the uses of the core analysis data when 
determining what analysis procedures to use and what 
data are desired. 


6. Determine the electrical properties of the drilling 
fluid, both mud cake and mud filtrate, to aid in quanti- 
tative log interpretation. 


7. Use the same type drilling fluid and the same hole 
size in all wells. The program in key wells must be 
the same as other wells so that data can be readily 
extrapolated. 


8. Have the logs recorded on scales large enough 
to be read accurately. 


9. Utilize the logging methods most applicable to 
the reservoir based on logging conditions such as mud 
resistivity, formation resistivity, bed thickness, and 
mud filtrate invasion. 


10. When formation tests indicate water, select ade- 
quate samples to determine the source of the water. 


11. Obtain an analysis of formation water. 


12. Establish a standard of accuracy for each ele- 
ment in the program and diligently maintain that 
standard. 


The Coordinated Formation Evaluation 
Program in a Strawn Lime Field 


Description of the Reservoir 

The Strawn lime oil reservoir and its adjoining gas 
cap are about 9 miles long, 6 miles wide, and underlie 
about 18,000 acres. The reservoir is found at a depth 
of about 5,400 ft and averages 43 ft in thickness. Loss 
of porosity bounds the reservoir on the updip (east) 
side of the gently sloping monocline structure, and 
salt water bounds the oil on the downdip side. The 
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Fig. | — Map of cored wells in the Strawn lime field. 
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porosity is primarily intercrystalline with some vugs 
and slight fracturing; effective porosity averages about 
5 per cent. 


Cumulative production from June, 1949, the res- 
ervoir discovery date, to Sept., 1954, totals 13.2 mil- 
lion bbl. Development of the reservoir is considered 
complete; 11 operators drilled and completed 312 oil 
wells, 2 dry holes later converted to gas-injection wells, 
and 3 gas wells in the reservoir. A peripheral gas-injec- 
tion pressure maintenance program has been in opera- 
tion since March, 1953. All produced gas is gathered 
and liquids are extracted in a gasoline plant before 
the residue (about 80 per cent of the produced gas) 
is returned to the reservoir through systems which 
connect to 13 gas-injection wells. Initial work has 
been completed on two pilot water floods to supple- 
ment the gas-injection program. 


The Formation Evaluation Program 


An extensive formation evaluation program was 
developed for the Strawn lime field when it became 
apparent that the reservoir was one of major propor- 
tions. The importance of making reservoir studies to 
evaluate economics of development and operation was 
recognized soon after the discovery, and plans were 
made to obtain the necessary data. 


The program consisted of the coordinated use of 
coring and logging for obtaining reservoir data. The 
essential elements of the program were: 

1. A group of key wells was selected to provide 
representative data on the entire reservoir. Each key 
well was to be: (a) cored, (b) logged with radioactiv- 
ity (gamma ray and neutron) logs, (c) logged with 
electric log and contact-type log, and (d) completed 
in one of two standard well completions. 


2. A well completion program was established for 
non-key wells to be completed in one of the two stand- 
ard well completions: (a) 4%4-in open hole below 51% -in 
casing or (b) through perforations in 5'2-in casing. 

3. A logging program was developed providing for 
radioactivity logging of all wells. (Originally only key 
wells were to be electric-logged. ) 


4. Cores of key wells were analyzed by large-section 
core analysis procedures. 

Testing was not an integral part of the program; 
but as development progressed, a series of tests was 
made to determine the oil-water contact in the north 
part of the reservoir. 


By the time the reservoir was substantially developed, 
a total of 19 key wells had been cored and logged 
with both electric and radioactivity logs. Cores of key 
wells were analyzed for porosity and other properties, 
including relative permeability, capillary pressure, and 
residual oil saturation after water flooding. Logs were 
obtained on 165 uncored wells, including 85 which 
were logged with both electric and radioactivity logs, 
52 which were logged with radioactivity logs only, and 
28 which were logged with electric logs only. Both 
types of logs were run on many wells to obtain defini- 
tion of beds other than the Strawn lime. Most of the 
wells which were logged with electric logs only were 
cased with 4%-in drill pipe, through which the radio- 
activity logging instrument could not be run. Of the 
156 wells in which radioactivity logs were run, only 
15 were in hole sizes other than the two standard well 
completions. 
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Fig. 2 — Typical correlation of core porosity and 
neutron log deflection, Strawn lime field. 


Results of the Program in the Strawn Lime Field 

The coordinated formation evaluation program pro- 
vided a large amount of data on the Strawn lime res- 
ervoir. Porosity data were obtained from cores of key 
wells and from neutron logs’ of other wells. Permea- 
bility data were available from cores of key wells, and 
permeable zones were indicated by contact-type logs’ 
of many wells. The oil-water contact in the north part 
of the reservoir was determined by drill stem tests. 

The formation evaluation data, together with data 
on two reservoir oil samples, permitted reasonably accu- 
rate determinations of the following: 

1. Recovery by primary depletion (dissolved gas 
drive). 

2. Recovery by pressure maintenance with (a) dis- 
persed gas injection, (b) peripheral gas injection, and 
(c) peripheral gas injection and water flooding. 

3. Economics of operation under the various methods 
of recovery. 

4. Efficiency of gas injection and waterflood pro- 
grams. 

5. Analyses of problem well behavior. 


POROSITY PERCENT 
100; 


90 
80; 
70 
60: 
50 


40 


30 


/—44a" OPEN HOLE 


“5i/2" CASING 
IN 77/4" HOLE 


(3 £2? 6 Me BY OE So 
DEFLECTION FROM SHALE REFERENCE IN STANDARD UNITS 


Fig. 3 — Neutron log calibration eurves, 
Strawn lime field. 
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Fig. 4 — Porosity map based on core and neutron log 
data, Strawn lime field. 


Reliable data for accurate calculation of recovery 
by various methods were essential to determining the 
need for pressure maintenance. Since completion of 
initial reservoir studies and the start of gas injection, 
the reservoir data have been used to evaluate the pres- 
sure maintenance program and to make estimates of 
performance with supplemental water flooding. In addi- 
tion, problem well behavior is analyzed and workover 
remedies are planned accordingly. Benefits from ade- 
quate reservoir data will endure to depletion of the 
reservoir. 


Considerable savings resulted from the coordinated 
formation evaluation program. Most important, but 
difficult to assess accurately, are the savings derived 





TABLE 1 — CORE-NEUTRON LOG CORRELATION 


4%,-in Open Hole Below 51/2-in Casing in 77/s-in Hole 
Strawn Lime Field 


Sensitivity = 3/5-in 
Maximum Deflection 4.43-in 


Deflection from Shale 


Reference Line Porosity 
Core 
(Direct) Neutron (Wt. Avg.) 

log Depth-Feet Inches Std. Units* Per cent Percent Per cent 
5,407 .0-08.5 2.43 694 9.7 8.3 8.4 
-10.0 2.51 717 6.0 7.9 7.5 
-11.5 2.40 -686 8.3 8.5 7.8 
-13.0 2.40 -686 8.4 8.5 8.3 
-14.5 2.60 .743 8.2 7.4 7.0 
-16.0 2.85 814 3.2 6.2 5.6 
-17.5 2.85 814 7.7 6.2 6.8 
-19.0 2.55 .729 8.4 7.6 8.6 
-20.5 2.55 729 9.7 7.6 8.6 
-22.0 2.62 .748 6.7 7.3 8.1 
-23.5 2.70 771 9.4 6.9 8.2 
-25.0 3.10 885 | 5.2 7.5 
-26.5 3.60 1.029 6.4 3.7 5.3 
-28.0 4.38 1.250 1.1 2.1 3.0 
5,432.0-33.5 3.80 1.086 3.4 3.2 5.3 
-35.0 2.70 771 9.1 6.9 6.8 
-36.5 2.65 .757 5.6 7.1 7.1 
-38.0 3.15 -900 7.9 5.0 6.3 
-39.5 3.40 971 3.8 4.2 5.5 
-41.0 3.33 -951 6.6 4.4 5.1 
-42.5 2.80 -800 3.5 6.4 6.1 
-44.0 2.35 .671 10.8 8.8 8.4 
-45.5 2.25 643 8.5 9.4 8.8 
-47.0 2.20 .629 7.5 9.8 8.0 
-48.5 2.20 .629 8.5 9.8 8.1 
-50.0 2.45 .700 8.0 8.2 6.7 
-51.5 2.60 743 2.2 7.4 4.1 
Total 185.8 184.0 187.0 
Average 6.9 6.8 6.9 


*Standord Units = Inches 
Sensitivity 
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from sufficient data being available early enough that 
reliable calculations could be made to appraise various 
recovery mechanisms. A direct saving of 52 electric 
logs was made in wells which were radioactivity-logged 
only; additional log savings could have been made but 
for other requirements. 

The data on the Strawn lime reservoir are impres- 
sive in amount and comprehensiveness. However, a 
pioneering program on such a scale cannot be em- 
ployed without difficulties and without learning lessons 
for future programs. The coordinated formation evalua- 
tion program presented in this paper is largely derived 
from experience gained in this Strawn lime field. The 
most difficult factor in applying the program in that 
field was the attainment and maintenance of a con- 
sistent standard of accuracy in all phases of the pro- 
gram. As techniques improve and other such programs 
are employed, it is anticipated that the importance of 
accuracy will be more widely recognized, and obtaining 
a reasonable standard of accuracy will not be as dif- 
ficult. 


Conclusions 


A coordinated formation evaluation program has 
been found practical in developing new reservoirs and 
for obtaining data on old reservoirs where little or no 
data exist. The advantage of such a program is that 
sufficient data are obtained, in usable form at the time 
needed, at reasonable cost. Principal benefits from this 
type program are gained by accumulation of reliable 
data which permits: 

1. Establishment of a sound reservoir basis for well 
completions. 

2. A more accurate determination of recoveries. 

3. A further aid in the determination of equities 
where unitization can be beneficial. 

4. Calculation of participation in production during 
competitive operation. 

5. Evaluation of reservoir performance at various 
stages of depletion to insure maximum recovery. 

6. Realistic analyses of problem well behavior. 
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Two String Penetration 
by Glass Jets 
Brings in Good Well 


McCullough Super Casing Glass Jet 
Perforators with Steel Strip Carriers were 
used to perforate 232 holes through 5%” 
O.D. 17 Ib. casing cemented in 11” hole 
in an interval from 8160’ to 8218’. 

After perforating, the formation broke 
down at 3400 Ibs. and took acid at 2000 
lbs. Well came in without swabbing and 
flowed for 13 hours with tubing pressure 
at 750 Ibs. 

Operator reacidized with 6000 gallons. 
Formation took the acid at,1800 Ibs. After 
the well cleaned up, production was 
turned into the tanks and made 550 bar- 
rels of clean oil on a 24 hour test through 
an 18/64 bean with tubing pressure of 
900 Ibs. 

The McCullough Glass Jet Perforator 
with Steel Strip Carrier is the best jet per- 
forating process available. It has more 
power; will obtain deeper penetration 


Three strings of casing, 5”, 7” and 85%", 
cemented in steel drum and perforated by (left to 
right) McCullough Super Formation, Standard Cas- 
ing and Super Casing Glass Jets. Standard Casing 
Glass Jet penetrated all three strings of casing and 
7” into cement, while the other types penetrated 
through everything, including the outside drum. 
through multiple strings of casing, extra 
thick cement sheaths and far into hard and 
extra hard formations. Holes are larger, 
more uniformly round and are straight 
sided almost the entire depth of penetra- 
tion. Slugs or carrots are eliminated. These 
advantages mean more exposed formation 
area, greater production, more oil! 

Single trip, multiple zone perforating 
jobs are commonplace. Strip Carriers may 
be loaded full length or sections may be 
left blank to leave unperforated areas in 
the casing. Result: Less rig time; greater 
efficiency; more economy! 


Mir Callough TOOL COMPANY 


| 
Glass Jets Save Rig Time, 
- Perforate 11 Zones in T'wo Runs 


Only Three Hours Required to Shoot 618 
McCullough Glass Jets in 169 Feet of Split Zones 


McCullough 3%” Standard Casing Glass Jet Perforators with Steel Strip Carriers 
turned in a record time-saving performance in a West Central Texas oil well, according 
to a recent field report. 

The well had first been logged to 6347’ by the McCullough Radiation Well Logger 
obtaining Gamma Ray, Neutron and casing collar log. 11 thin zones were selected for 
perforating and for accurate measurements the zones 
radiation-collar log depths. 

618 Glass Jets, six per foot, were fired through 5%” O.D 
the 11 selected zones between 6118’ and 6290’. Only two runs in the hole were made. 

On the first run an 87’ Steel Strip Carrier was used. 294 Glass Jets were fired in five 
zones varying in thickness from 6’ to 16’. On the second run an 82’ Steel Strip Carrier 
loaded with 324 Glass Jets perforated six zones from 3° to 24’ in thickness. In both runs 
the Steel Strip Carriers were blanked off between the different zones. After firing both 
Steel Strip Carriers were recovered intact. 

Only three hours were required to complete the job, including rigging up and tearing 
down time. 

Rig time is expensive and when a perforating job can be 
of better than 200 shots per hour, the saving to the 

One of the most important advantages of completing a well with McCullough services 
is illustrated by this job. That is the extreme accuracy with which the McCullough 
Radiation Well Logger picked and defined the boundaries of the 11 thin zones. Thus, 
enabling “pin point” perforating exactly where desired 
only two runs in the hole. 
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GUIBERSON’S fF 
/PACKERS | 


Here is the retrievable packer that operators : 
everywhere count on for rugged durability and 

dependable performance. The KV Packer is de- 

signed for wells up to 12,000 feet deep. Construc- 

tion is as simple as it is tough and husky — price 

is reasonable. In short, the KV Packer gives you 

more packer for the money — quick setting, easy 

pulling, ample bypass and positive seal. 





KV30 





e Made as the KV30 with 30” valve stroke or aa 
the KV8 with 8” valve stroke for standard 
below-packer circulation. Available in casing 
sizes, 442” through 95”. 


e Valve has two independent sealing elements, 
a tapered metal valve and seat and a set of 
oil-resistant seal rings, affording double-sealed 
protection. 


e Choice of two types of rubbers, both made of 
special oil and gas resistant compound. Will 
not vulcanize to casing —recovers original “hs 
shape when released. 





e Easy operating jay-hook type latch with heat 
treated friction springs. 


Two-piece G2 rubbers with 
metal spacer are interchange- 
able and optional at no extra 
cost. One-piece sleeve rubber 
shown on packers furnished un- 
less otherwise specified. 
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@® LOCATE GAS, OjL, AND WATER CONTACT 


@ HELP PROTECT HOLE AND 
SUPPORTING ANCHOR 


See how Johnston Straddle Testing with STRADDLE 

MUD BY-PASS maintains full hydrostatic mud pressure 

on upper and lower packers—and on all formations below 
lower packer. Lessens the load on supporting anchor and 
prevents production from any lower zone in the event 

of lower packer failure. Should either packer fail, you get an 
immediate surface indication. Get all these advantages 


plus ease of running tool into and out of the hole. 


*Johnston Straddle Testing with Straddle Mud By-Pass is covered by patent 
and patents pending. Another Johnston first! 
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PRODUCTION ENGINEERING ASPECTS of SHANNON 
RESERVOIR, COLE CREEK FIELD, WYOMING 


JUNIOR MEMBER AIME 


Abstraci 


Performance of the Shannon Res- 
ervoir, Cole Creek field, Wyo., is 
summarized. Oil has been secured 
largely by water drive. 

Calculated pressure-rate perform- 
ance based on Hurst's water-drive 
equation for an infinite reservoir co- 
incides with observed performance. 
An empirical relationship indicates 
that the difference in pressure be- 
tween the perimeter and the oil pro- 
ducing area for a given oil rate by 
water drive is about proportional to 
the cumulative oil produced. Calcu- 
lated future performance, based on 
Hurst's equation, the pressure differ- 
ence relationship, and the reservoir 
oil rate equation, correctly indicated 
limitations on maximum oil rate 
which were not apparent before the 
calculations were made. 


Net formation withdrawals have 
been reduced to about zero by the 
injection of water in six wells spaced 
around the perimeter of the field. 
About three-fourths of the injected 
water rate merely replaces the former 
natural water encroachment rate; the 
remainder supports an increased oil 
rate. 

Productivity indexes are being 
maintained at a maximum by keep- 
ing producing pressures at a high 
per cent of the bubble-point pressure 
through the use of “bubble-point 
pumps” and shut-in casingheads. The 


Manuscript received in Petroleum Branch 
office on Sept. 7, 1954. Paper presented at 
Pacific Petroleum Chapter Fall Meeting in 
Los Angeles, Oct. 7-8, 1954. 
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maximum efficient rate of the reser- 
voir is automatically produced there- 
hy. Productivity indexes of wells 
were increased many-fold by shoot- 
ing with nitroglycerin. 

Indicated recovery efficiency is 
about 33 per cent but ultimately may 
he higher. 


Introduction 


Although the Cole Creek Shannon 
reservoir is relatively small, it is of 
especial interest to the production 
engineer for the following reasons: 

1. Reasonably complete field data 
have been secured throughout the 
14-year life of the reservoir. 

2. The limited natural water drive 
is being supplemented by water in- 
jection 

3. Present installations automati- 
cally produce the maximum efficient 
rate. 

4. The reservoir has behaved 
largely according to engineering cal- 
culations. 

5. There are enough diverse as- 
pects of the reservoir history to war- 
rant intense study. 

This paper consists mostly of data 
and our interpretations of the data. 
For continuity and completeness the 
paper repeats some data given by 
Whitaker and Hoenshell.’ 


Location and Development 


Cole Creek field is in the south- 
western portion of the Powder River 
Basin, about 20 miles northeast of 
Casper. The field is unitized. 





The first Shannon zone producer, 
1-21, was completed in April, 1940, 
pumping 430 BOPD. Drilling on 40 
acre spacing continued through 1945. 
After the water table was defined, the 
remaining edge locations were left 
undrilled. All 32 of the productive 
wells were completed on the pump. 
At present there are 25 oil productive 
wells and six water injection wells. 

Generally about 4,500 ft of 51 in 
casing was set at the top of the sand, 
a 4% in hole was drilled through 
the sand, and the well was completed 
“barefoot.” 


Structure 


The Shannon reservoir is a low 
relief, eliptical structure, as seen on 
Fig. 1. The highest point of the pro- 
ducing zone is at 1,120 ft above sea 
level, and the original water table 
was 970 ft above sea level. Although 
the sand thicknesses are shown on 
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Fig. |—Effective oil sand thickness. 
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Fig. 1, no attempt has been made to 
draw isopachous lines because of the 
uniform thickness. The average thick- 
ness is 1744 ft. The original area of 
the reservoir was about 1,600 acres. 


Sand Characteristics 


The sand is Upper Cretaceous, well 
consolidated, fine to medium grained, 
glauconitic, having thin shale part- 
ings and inclusions. Core analysis 


data are tabulated below: 
Number of wells cored 19 
Number of samples 291 
Porosity, arithmetic average 18.7 per cent 
Permeability to air 
Arithmetic overage 
Geometric mean 
Permeability to reservoir water 
Per cent of air permeability 
Interstitial water by capillary method 
Average 


51 md 
32 md 


66 per cent 


35 per cent 


Fluid Characteristics 


The gravity of the oil is 36 to 37° 
API. The bubble point was about 750 
psi at reservoir temperature of 123° 
F. Initial solution GOR was about 
120 cu ft/bbl, and initial formation 
volume factor was 1.075. Estimated 
oi! viscosity under initial reservoir 
conditions was 3.5 cp. 


Pressure Data 


Estimated original pressure at 
datum of 1,075 ft above sea level 
was about 1,700 psi, or approxi- 
mately 950 psi above the bubble 
point. Figs. 2 to 5 show development 
and pressures. 

Pressures as of May 25, 1943, are 
shown on Fig. 2. The pressure in the 
center of the reservoir is approxi- 
mately at the bubble point. Cole 
Creek 53-21 was completed 20 days 
prior to the date of the map. Its ini- 
tial pressure of 750 psi is 950 psi 
below the initial pressure in the res- 
ervoir and is consistent with the iso- 
baric map. 
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Fig. 2 — Static pressure at 1,075 ft 
ASL as of May 25, 1943. 


During June, 1945, 37-21 was 
completed for water injection. As of 
Aug. 10, 1945, the date of pressure 
map in Fig. 3, 37-21 was standing 
awaiting installation of water-treating 
equipment. Even without injection, 
pressure in this well was 1,445 psi, or 
625 psi above that of the closest pro- 
ducing well. The isobars are closely 
spaced to the west and north. Note 
that 33-16 was completed only about 
two months before the date of this 
map, and its pressure is consistent 
with the isobars. 

Pressures as of Aug. 1, 1950, are 
shown on Fig. 4. At this time water 
was being injected into 37-21; its 
observed static pressure was 1,730 
psi, or slightly higher than the origi- 
nal pressure of the reservoir. It 
should be noted that part of the res- 
ervoir is somewhat below the bubble 
point of 750 psi. 

Pressures as of Aug. 1, 1950 are 
shown on Fig. 5. As of this date, two 
other wells, 53-16 and 75-17, had 
been added to the injection system. 
Effects of injection into these wells 
are shown by the configuration of the 
isobars. 

From pressure maps, two average 
pressures were determined: (1) the 
average perimeter pressure at the 
original productive limit, and (2) the 
average pressure of the oil producing 
area, within the 5 per cent cut line 
(see Fig. 6). Of particular interest 
on Fig. 6 is the fact that water has 
encroached faster from the west and 
the north than from the east and the 
south. Because the pressure gradients 
were higher and water encroachment 
was faster, it is concluded that the 
water drive from the west and north 
is stronger than that from the east 
and south. 


Production and Pressure 
Behavior 


The production and pressure be- 
havior of the Shannon zone are sum- 
marized on Fig. 7. During the first 
three years, pressures were above the 
bubble point. Because the expansibil- 
ity of oil above the bubble point is 
low, water drive is indicated by the 
fact that pressures did not decline 
extremely rapidly. Presence of a 
water drive was also indicated by 
pressures in the center lower than 
those at the edges. In 1942, E. \ 
Watts calculated perimeter pressures 
from the water encroachment rates 
and observed performance then avail- 
able, using Hurst’s*’ water-drive 
equation for an infinite aquifer. Pe- 
rimeter pressures calculated without 
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essential modification of the equation 
have with the observed 
data for the entire history of the res- 
ervoir. The early calculations indi- 
cated that the withdrawal rate would 
have to be restricted to maintain pres- 
sure. To preserve well productivity, 
it was believed that producing pres- 
sures should not be far below the 
bubble point. Despite the completion 
new wells, the oil rate was 
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1948. 


Fig. 4 — Statice 


ASL as of March 1, 


pressure at 1,075 ft 
1950. 


Fig. 5 — Static 
ASL as of Aug. I, 
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reduced gradually beginning in mid 
1943; and the rapid pressure decline 
was arrested. 


During Feb., 1946, water injection 
was started in one well, 37-21, at 
a rate of about 250 B/D. The pool 
oil rate was maintained at about 800 
B/D, and perimeter pressure in- 
creased slightly. For 37-21 only 30 
per cent of the injection rate was 
considered effective in reducing the 
net water encroachment rate. 

In the early part of 1948 it was 
decided to increase the oil rate of the 
reservoir substantially and to ob- 
serve performance to determine if 
the existing rate was the maximum 
efficient rate. The gas-oil ratio of one 
well, 57-16, is plotted on Fig. 7 to 
indicate the type of performance ex- 
perienced in many of the wells. Note 
that the gas-oil ratio increased from 
approximately the original solution 
ratio to over two times the solution 
ratio, but dropped to about the origi- 
nal solution ratio when the rate was 
decreased. 

Four events during the high oil 
rate period are of special importance: 


|. Gas-oil ratios of individual wells 
increased substantially. 


2. The average pressure of the oil 
producing area dropped below the 
bubble point. 


3. The oil rate declined rapidly 
from 1,140 B/D in the third quarter 
of 1948 to 1,030 B/D in the first 
quarter of 1949 because of natural 
causes rather than as a result of 
manipulations by the operator. 


4. No change in the observed av- 
erage perimeter pressure occurred. 
These events led to the conclusion 
that all of the oil produced in excess 
of about 800 B/D during the high 





Fig. 6 — Positions of 5 per cent cut 
lines. 
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Fig. 7 — Production and pressure behavior. 


rate period was by means of solution 
gas drive. This interpretation is shown 
on Fig. 7. In the second quarter of 
1949 bubble point pumps were in- 
stalled in practically all wells not al- 
ready so equipped, and casingheads 
of practically all wells were shut in. 
Oil rate was reduced thereby to about 
720 B/D in the fourth quarter of 
1949, 

In 1950 five wells were added to 
the water injection system making 
six total. By the fourth quarter of 
1950 the net water encroachment 
rate dropped to 140 B/D, and the oil 
rate increased to 880 B/D. The aver- 
age perimeter pressure increased from 
a level of 1,130 psi in Jan., 1950, to 
almost 1,300 psi in Jan., 1951. 

On Fig. 8 the pressure difference 
between perimeter and oil producing 
area and average oil rates between 
pressure surveys are plotted vs the 
cumulative oil recovery from the 
pool. 

Three factors affect the difference 
in pressure between the perimeter 
and the oil producing area: (a) 
proximity of the perimeter to the oil 
producing area, (b) the average oil 
rate being produced as the result of 
water encroachment, and (c) the in- 
creasing resistance to flow caused by 
encroached water and free gas in 
the sands between the perimeter and 
the oil producing area. 

After 1943 the pressure difference 
plotted on Fig. 8 increased uniformly 
with the cumulative oil recovery 
from the pool. Most of the plot was 
established while the oil rate was 
nearly constant, about 800 B/D. The 
plot, therefore, gives a good evalua- 
tion of the combined effect of the 
factors of proximity and increasing 
resistance to flow. As mentioned be- 
fore, the increase in oil rate during 





1948 and 1949 is attributed to solu- 
tion gas drive rather than water 
drive. 


Caleulations of Future 
Performance 


As of Jan. 1, 1951, the future per- 
formance of the pool was calculated 
for a period of two years using three 
interdependent relationships: (1) the 
pressure difference relationship pre- 
sented on Fig. 8, (2) the Hurst water- 
drive equation, and (3) the reservoir 
oil rate equation: 

QO” = (prs — 500) X SPI 
where: 

Q” = Reservoir oil rate, B/D 

Pr, = Average pressure of the oil 

producing area, psi 

500 = Average producing pressure 

experienced with bubble 
point pumps, psi 

SP/ = Total oil productivity index 

of the producing wells, 
B/D/psi 

As a first approximation, the pres- 
sure difference between the perimeter 
and the oil producing area was as- 
sumed to be proportional to the oil 
rate. Therefore, if the oil rate were 
to be increased, the difference in 
pressure would have to be increased 
proportionally. Pressure differences 
required for various oil rates are 
shown by dashed lines on Fig. 8. 

In order to increase the oil rate of 
the pool without reducing producing 
pressures in individual wells, it was 
necessary to increase the average 
pressure of the oil producing area 
Therefore, the increase in perimeter 
pressure to secure a given increase in 
oil rate is equal to the sum of the 
increase in pressure difference re- 
quired on Fig. 8 and the increase in 





pressure of the oil producing area 
required to yield the desired increase 
in oil rate. 

The results of these computations 
are shown by the dashed lines on 
Fig. 7 for an assumed water injection 
rate of 1,200 B/D. Although oil rate 
was increasing rapidly at the time 
the calculations were made, the re- 
sults indicated that it would reach 
a maximum in 1951 and decline ie 
slowly thereafter. The calculated in- 0 0 Ge cid Eas Se 

‘ [isa | i942 | 1943 | 1944] 1945] 1946] 947 | i948 | i949” 195 
crease in oil rate was only about 25 Oe of see eee ae 
per cent of the increase in the water 
injection rate. In effect, a large part 
of the injected water rate would 
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Fig. 8 — Average perimeter pressure minus average pressure of oil producing 
area for various oil rates vs cumulative oil. 


merely replace former natural water 
encroachment rate rather than in- 
crease the oil rate. It will be seen on 
Fig. 7 that the actual oil rate leveled 
out slightly below the rate calculated 
in 1951. The drop in actual rate 
shown in 1952 is attributed to the 
fact that the water injection rate fell 
far below the assumed value of 1,200 
B/D (the water was used for another 
purpose). 


Water Injection 


Trial injection at 75-17 was car- 
ried on in 1944. Rate of injection 
was low and declined significantly, 
and trial injection was discontinued. 
An abandoned dry hole, 37-21, was 
selected for a continuous injection 
trial. The hole was cleaned out; 4% 
in casing was run; the well was shot 
with nitroglycerin and put on the 
pump to clean out prior to measuring 
productivity index. Injection into 
37-21 started in Feb., 1946, at a rate 
of 200 to 300 B/D with a tubinghead 
pressure of 350 psi. Injection into 
this well has continued up to the 
present time, and cumulative water 
injection as of Aug. 1, 1954, was 
about 720,000 bbl. Source of the 
water is a nearby well drilled to a 
relatively shallow fresh water zone. 
Initially this water was treated with 
alum and filtered, but after several 
years of operation the treating plant 
was by-passed. Water is now pumped 
through a closed system from the 
water well into 37-21. The water for 
the five other injection wells is pro- 
duced from shallow fresh water 
sands into a closed system. Individual 
well injection pressures range from 0 
to 90 psi. Total injection rate is 
shown on Fig. 7. As of Aug. 1, 1954, 
a total of 1,940,000 bbl of water had 
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been injected into the reservoir. Be- 
cause decline in injectivity indexes 
has been minor, no remedial work of 
any kind has been required in the in- 
jection wells. 


Productivity Indexes 


In the early life of the reservoir it 
became evident that well productivity 
indexes would have to be maintained 
at a satisfactory level for a long time 
in order to secure the reserve avail- 
able without excessive development 
costs. Accordingly, studies were made 
of the causes of productivity index 
decline to determine possible preven- 
tive measures. Various means of in- 
creasing productivity indexes were 
also tried. 

One common cause of productivity 
index decline is increase in gas satu- 
ration around the wellbore. Per cent 
of initial productivity index is plotted 
on Fig. 9 vs time after the producing 
pressure fell below the bubble point 
for 10 wells with minimum produc- 
ing pressures less than 40 per cent of 
the bubble point. The declines in pro- 
ductivity indexes of these 10 wells 
were severe and rapid. The severity 
of the decline of four of these 10 
wells was apparently increased by 
the proximity of encroaching water. 

Productivity index in per cent of 
initial is plotted vs time after com- 
pletion on Fig. 10 for 18 wells with 
minimum producing pressures more 
than 40 per cent of the bubble point. 
The data are scattered, but there is 
no general trend, up or down. 

This study of all wells on which 
productivity index data trends are 
available strongly supports the con- 
clusion that wells can be operated 
with producing pressures somewhat 
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below the bubble point without se- 
rious decline in productivity index. 
However, if producing pressures are 
far below the bubble point, decline in 
index is apt to be rapid and severe. 
productivity index were 
only partially overcome by reducing 
rates after decline had taken place 


Losses in 


Shooting with Nitroglycerin 


Use of solidified nitroglycerin to 
shoot the wells gave spectacular re- 
wells. Experience is 
summarized on Fig. 11. Generally, 
wells which had suffered severe pro- 
ductivity index decline were shot. 
Just before shooting, eight of the 10 
wells shown on Fig. 11 had produc- 
tivity indexes less than 50 per cent 
of their initial values. In nine of 10 
shot, the productivity index 
after shooting was many times the 
productivity index before shooting; 
and in eight of the 10 wells, the pro- 
ductivity index after shooting was 
higher than the original productivity 
index 


sults at many 


Ww ells 


Bubble Point Pumps 


[he productivity index histories of 
the wells indicate that a policy of 
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ME AFTER BUBBLE POINT REACHED - rears 
Fig. 9 — Productivity index vs time, 
with minimum producing pressure 
less than 40 per cent of bubble point 
pressure. 
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Fig. 10 — Productivity index vs time, with minimum producing pressure 
more than 40 per cent of bubble point pressure. 


maintaining relatively high producing 
pressures is desirable. 

By far the most successful means 
of maintaining high producing pres- 
sures has been bubble point pumps. 
Designed by E. V. Watts, the bubble 
point pump is simply a_ standard 
pump with the addition of a 15-ft 
extension between the bottom of the 
pump barrel and the standing valve. 
This gives a large clearance volume 
and thus makes the pump very in- 
efficient if any free gas is present in 
the pump. For proper operation it is 
necessary to shut in the casinghead, 
in order to force the pump to handle 
all of the free gas produced by the 
well. Because the annulus is entirely 
filled with gas, observation of the 
casinghead pressure then gives a di- 
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Fig. 11 — Effect of shooting with 


rect means of determining the pro- 
ducing pressure of the well. Average 
producing pressure maintained by 
these installations is about 500 psi. 

High rates were curtailed in 1949. 
Examples of the effectiveness of the 
bubble point pump in curtailing the 
rate are shown on Fig. 12. Gross 
rates and casinghead pressures at 
31-21 during 1949 are shown at the 
top, and those of 57-16 are shown at 
the bottom. The gross rate of 31-21 
was reduced from 80 B/D to less 
than 10 B/D, and the gross rate of 
57-16 was reduced temporarily from 
about 125 B/D to less than 20 B/D. 
During June the casinghead pressure 
at 31-21 was reduced from 500 psi 
to 100 psi, and the rate increased to 
its previous high value. When the 
casinghead was shut in again, the 
rate dropped again to its previous 
low value. This type of performance 
was repeated frequently in the latter 
part of 1949 because of varying 
needs for gas. 

Installation of bubble point pumps 
in all of the wells has resulted in 
automatic production of the makxi- 
mum efficient rate of the pool. 





Performance of Edge Wells 


The maximum daily production 
rate and the average daily rates of 
edge wells for the month just before 
shut in are shown in Table |. It will 
be seen that two wells, 75-17 and 
3-21, were shut in early in the life of 
the field. It is our present feeling that 
these two wells were shut in pre- 
maturely. 

At five other wells which were 
shut in, 3-16, 53-16, 33-22, 1-27, 
and 31-27, the maximum gross rates 
were quite low before shut-in. Cuts 
of these wells were between 26 and 
40 per cent; the highest gross rate 
was 10 B/D. Even though apparently 
overtaken by the encroaching water, 
these wells produced at low water 
rates. 


Recovery Efficiency 


Because wells outside the 5 per 
cent cut line produced negligible oil 
before Jan. 1, 1950, the position of 
the 5 per cent cut line on Fig. 6 can 
be used to estimate the water-drive 
efficiency. Based on Fig. 6, the core 
and fluid properties, and the cumula- 
tive oil recovery of 3.05 million bbl, 
a recovery efficiency by water drive 
to Jan. 1, 1950, of about 33 per cent 
is estimated. Per cent cut lines for 
Aug. 1, 1954, are shown on Fig. 13: 
nine wells were producing outside of 
the 5 per cent cut line. Their com- 
bined oil rate was 21 per cent of the 
reservoir total oil rate. Because of the 
increasing and significant per cent of 
the pool oil rate which is produced 
from outside the 5 per cent cut line, 
recovery efficiency ultimately may be 
somewhat higher than the 33 per 
cent calculated from the Aug. 1, 
1954, cumulative oil of 4.52 million 
bbl and the corresponding 5 per cent 
cut line. Although 33 per cent recov- 
ery efficiency appears to be low for 
water drive, laboratory data tend to 
indicate relatively low recovery by 
water drive. These data are shown 
on Fig. 14. Note that oil recovery is 
40 to 47 per cent at cuts below 80 
per cent. Because most wells shut in 
to date were producing with rela- 


TABLE | — EFFECT OF WATER ENTRY ON PRODUCTION RATE OF EDGE WELLS 
Well Moximum Daily Daily Production for Present 
Number Production Rate Month Before Shut in Status 
Gross Oil Cut Month Gross Oil Cut Month (As of 
B/D B/D %o B/D B/D % 8-54) 
3-16 76 76 0.1 Nov. 41 3.3* 2.5 26 Sept. 51 Abondoned 
53-16 67 67 0.1 Dec. 42 2.3" 1.4 40 Nov. 47 Injection Well 
75-17 78 75 4.0 Jan. 42 37 16 56 May 43 Inject'on Wel! 
3-21 73 72 1.2 March 42 36 29 19 Oct. 43 Injection Wel! 
33-22 74 74 0.4 Dec. 41 1.7* 1.3 38 April 48 Injection Well 
1-27 28 27 1.9 July 45 2.5* 1.8 30 Oct. 47 Injection Wel! 
31-27 81 81 0.4 April 42 10* , 30 Dec. 49 Abandoned 


nitroglycerin on productivity index. *Represents maximum rate obtainable from well. 
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Fig. 12 — Examples of rate control by bubble point pump and casinghead 
pressure. 


Fig. 13 — Per cent cut as of Aug. 1, 
1954. 


Fig. 14 — Water drive recovery-cut 
history obtained through laboratory 
tests. 


tively low cuts, the low recovery por- 
tion of the laboratory data is prob- 
ably applicable. 


Conclusions 


1. Oil recovery has been secured 
primarily by means of water drive, 
and at producing pressures above or 
slightly below the bubble point. 

2. Water drive is stronger from the 
north and west than from the south 
and east. 

3. Hurst’s water-drive equation for 
an infinite aquifer was applied after 
about three years’ history, and calcu- 
lated pressures thereafter coincided 
with observed pressures for the fol- 
lowing 10-year history. 

4. The difference in pressure be- 
tween the perimeter and the oil pro- 
ducing area required to secure a 
given oil rate by water drive is about 
proportional to the cumulative oil 
produced from the reservoir. Calcu- 
lations of future performance, based 
on the pressure difference relation- 
ship, Hurst’s water-drive equation, 
and the reservoir oil-rate equation, 
correctly indicated limitations on 
maximum oil rate which were not 
anparent before the calculations were 
made. 

5. With net formation withdrawals 
reduced to about zero by water in- 
jection, only about one-fourth of the 
injected water rate serves to increase 
the oil rate. The remaining three- 
fourths of the injected water rate 
merely replaces former natural water 
encroachment. 
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6. Wells operated with producing 
pressures somewhat below the bubble 
point did not exhibit serious declines 
in productivity indexes. Wells oper- 
ated with producing pressures far 
below the bubble point suffered rapid 
and severe losses in productivity in- 
dexes, which were not overcome by 
increasing producing pressures 
through reductions in rates. 

7. Substantial increases in produc- 
tivity indexes were secured by shoot- 
ing with nitroglycerin. 

8. The reservoir has a definite max- 
imum efficient rate, which is pro- 
duced automatically by use of bub- 
ble point pumps and shut-in casing- 
heads. 

9. Recovery efficiency by water 
drive may ultimately be higher than 
the presently indicated 33 per cent, 
because an increasing and significant 
portion of the reservoir oil rate is 
produced outside of the 5 per cent 
cut line which was used to determine 
the recovery efficiency. 
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Because it’s the most precise pressure 
recording device, new testing tech- 
niques are being developed to increase 
data obtained by Halliburton’s Bourdon 
Tube. 

Outstanding new development is 
recording Initial Closed In Pressure 
prior to opening tester for flow period, 
and continuing with a Final Closed In 
Pressure after the flow period. 

This important new technique is pos- 
sible by adding a Halliburton designed 
disc sub to the testing string in a cor- 
rectly calculated position. 

At the completion of the test, 
Halliburton provides special readings 
with the BT charts that involve division 
of build up curves into pressure vs time 
segments, which can then be used with 


BT CHART CAN NOW REVEAL INITIAL AND FINAL CIP!.. 


Important New Reason Why 
HALLIBURTON’S Best 
For Your Drill Stem Test! 


mathematical equations and formulas 
for reservoir evaluation. These formu- 
las may be used to extrapolate the cip 
curve to static formation pressure —to 
determine the effective permeability of 
the zone tested, to establish the skin 
effect of the formation, etc. 

More than ever, now, Halliburton’s 
Hydro-Spring Test is the most economi- 
cal way to evaluate the producing 
potential of a reservoir. Use it to make 
your job easier, better, more successful. 
Phone your local or district office of the 
Halliburton Oil Well Cementing 
Company. 


Sei 


HALLIBURTON — 


TESTING SERVICE 


211 SERVICE CENTERS — 
JUST MINUTES AWAY FROM ANY RIG 














0 15,000 psi Tubing Joint 


especially developed 
for heavy-walled tubing 
in high-pressure wells 


Exhaustive tests prove 


; Two 
a lite 


15000 pad, even dnd 
temperature change 


ALONE 
ia w 15, 000 p.4. L. 
gas piesoure seal! 


ALONE 
va a 15,000 pd! 
gu presaure 4¢ 


These statements are facts ... not mere claims. 
For proof, ask your Hydril representative for a copy 
of the Thermal-Gas Pressure Test Report SALES OFFICES: 


on Hydril 2%” PH-6 Tubing Joint. Or write CALIFORNIA: Bakersfield, Los Angeles, 
Ventura 
LOUISIANA: Harvey, New Iberia 


OHIO: Youngstown 


HYDRIL COMPANY oxasoma, Tic 


GENERAL OFFICES: PENNSYLVANIA: Rochester 
714 West Olympic Boulevard, Los Angeles 15, California TEXAS: Corpus Christi, Dallas, Houston, 
Midland, Odessa 


FACTORIES 
Los Angeles, California WYOMING: Casper 


Houston, Texas; Youngstown, Ohio; Rochester, Pennsylvania CANADA: Calgary, Edmonton 








REPORT and INTERPRETATION 


JOE B. ALFORD 


30th PETROLEUM BRANCH FALL MEETING 


The Petroleum Branch first initiated the practice of 
holding a meeting in October of each year in 1926. The 
records indicate that a meeting has been held each year 
since, thus making the meeting in New Orleans in Oct., 
1955, the 30th Annual Petroleum Branch Fall Meeting. 

The Petroleum Branch of AIME is by no means 
a stranger to New Orleans, as a major Fall Meeting 
was held there in October of 1950. The dynamic growth 
of the Petroleum Branch in the years since, however, 
will be reflected in the 1955 meeting, for which an at- 
tendance of over 2,000 men and 700 women is expected. 
This is in contrast to an attendance of 930 men and 
approximately 150 women in 1950. Members who at- 
tended the 1950 meeting remember the enjoyable social 
functions staged by the Delta Section as host, and those 
attending the meeting this year can look forward to the 
same. 

Housing 

To date approximately 1,450 hotel rooms have been 
assigned in New Orleans to persons requesting reserva- 
tions. This is the maximum number of hotel rooms that 
the entire city could furnish for the meeting, and all 
reservations henceforth will be placed in motels. As one 
of the major resort cities in the South, New Orleans is 
blessed with a large number of good motels, some of 
which are located close to the downtown area. 

Reservations requests received by the Housing Com- 
mittee through July | include 708 ladies who are plan- 
ning to attend the meeting. This large increase in women 
attendance reflects the keener interest of wives that has 
developed during recent years in the professional activi- 
ties of their petroleum engineer husbands. The 1,450 
hotel rooms thus far assigned compares to approximately 
1,475 rooms used last year in San Antonio. 


Technical Program 

The technical program for the meeting promises to be 
unusually good this year. Under the chairmanship of 
L. P. (Barney) Whorton, director of production re- 
search for The Atlantic Refining Co. in Dallas, the Petro- 
leum Branch Technology Committee has assembled an 
excellent group of papers for the program. The commit- 
tee began work in January, and by early May 78 papers 
had been offered for placement on the program. From 
these, 45 papers were selected and manuscripts are now 
in preparation. 

Preprints will be distributed on all possible papers in 
the usual package, but will nor be distributed by pack- 
age in advance of the meeting. An interesting note on 
the 1950 meeting in New Orleans was that after the 
registration on the evening before the meeting began, 
AIME members could be seen all over the French 
Quarter carrying envelopes of preprints. No doubt a 
similar advance distribution of preprints will take place 
again this year on Sunday evening after the beginning 
registration Sunday afternoon. 

The technical program has been arranged in 13 one- 
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half-day sessions. Ten of these sessions will be held in 
the Grand Ballroom and the new International Room 
of the Roosevelt Hotel, both of which have a ballroom 
seating capacity of over 1,000 persons. Two sessions 
will be held in the Orpheum Theater across the street 
from the Roosevelt Hotel, and one session will be held 
in the Ballroom of the St. Charles Hotel, three blocks 
away. Two concurrent sessions will be held each morn 
ing and afternoon except Wednesday morning, during 
which three concurrent sessions will be held. A ful! 
statement of all papers on the program and the ses 
sions in which they are now arranged is published 
on pages 28 and 29 of this issue of PETROLEUM 
TECHNOLOGY. 
Entertainment 

The Delta Local Section, under the chairmanship o! 
B. L. (Barney) Francis of The Texas Co., will be host 
to the Branch Fall Meeting. The section and meeting 
officers have been working since January in developing 
plans. Entertainment now scheduled on Monday in 
cludes the customary Welcoming Luncheon in the Bal! 
room of the Roosevelt Hotel for the men, and an afte: 
noon sherry-coffee in the New Orleans Petroleum Club 
for the ladies. The section has reserved the Steame: 
President, which plys the Mississippi, for a boat ride fo! 
all members and ladies attending the meeting on Mon 
day evening. The steamer will carry this party only. B« 
ginning at 7 p.m. the Delta Section will stage a buffet 
supper and dance aboard the steamer during a trip o! 
several hours along the river. 

On Tuesday, Oct. 4, the Petroleum Branch Membe: 
ship will participate in the second annual Membership 
Luncheon in the International Room of the Roosevelt 
Hotel, and the ladies will attend a style-show and lunch 
eon in the ballroom of the Roosevelt. On Tuesday eve 
ning the Petroleum Branch Banquet and Dance, invol\ 
ing a probable attendance of 1,700 persons, will be held 
in the Ballroom and the International Room of the 
Roosevelt, with a local New Orleans band playing 
each. 

Those who attend the meeting will be likely to com« 
away with something new on petroleum engineering and 
some wonderful memories of enjoyable social functions 





Advance Registration Discontinued | 


Advance registration for the Fall Meeting, which | 
has been conducted in the past two years, has been 
discontinued. This advance registration for the 1954 
Fall Meeting cost the Petroleum Branch $720 and 
only 407 members took advantage of it. The Branch | 
Executive Committee did not feel this participation | 
by members was adequate to justify the costs, and | 
voted to discontinue the practice effective with the 
1955 Fall Meeting. Coupled with this has been the | 
development of a more efficient registration system 
at the meeting. 
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Oct. 2-5 at the Roosevelt Hotel 





TENTATIVE PROGRAM of PAPERS and ACTIVITIES for 
PETROLEUM BRANCH FALL MEETING in NEW ORLEANS 


Sunday, October 2 


1:00 p.m. to 6:00 p.m. — REGISTRATION — Univer- 
sity Room, Roosevelt Hotel 


2:30 p.m. to 5:00 p.m. — AIME PETROLEUM SEC- 
TION CONFERENCE — Ballroom, Roosevelt 
Hotel 


Monday, October 3 


9:00 a.m. to 11:15 am.— PRODUCTION EQUIP- 
MENT — Roosevelt Ballroom 


501-G: Plunger Lift Correlation Equations and Nomo- 
graphs, Carrot M. BEESON, University of 
Southern California 

509-G: A Flowmeter for Measuring Subsurface Flow 
Rates, J. L. NEWMAN, H. L. SAupDER, and 
COURTNEY WADDELL, Lane-Wells Co. 

528-G: A Review and Analysis of Equipment for Run- 
ning Electrical Cables Under Pressure, A. C. H. 
Cooke, Lane-Wells Co.; F. L. Scott, Jr., Dia- 
Log Co.; and Ceci, GREER, Bowen Co. of 
Texas 

9:00 a.m. to 11:45 a.m. — LOGGING — Roosevelt In- 

ternational Room 

500-G: Displacement Logging — A New Exploratory 
Tool, W. M. CAMPBELL and J. L. MARTIN, The 
Atlantic Refining Co. 

503-G: Neutron Log Correction Charts for Borehole 
Conditions and Bed Thickness, by J. T. DEWAN, 
Schlumberger Well Surveying Corp. 

523-G: Spectral Gamma-Ray Logging, H. R. BRANNON, 
Jr. and J. S. Osopa, Humble Oil and Refining 
Co. 

532-G: Effect of Clay and Water Salinity on Electro- 
chemical Behavior of Reservoir Rocks, H. J. 
Hiv and J. D. MiLBurn, Shell Oil Co. 


10:00 a.m. — LADIES WELCOMING COFFEE 


12:15 p.m. — PETROLEUM BRANCH WELCOMING 
LUNCHEON — Roosevelt Ballroom 


3:00 p.m. — LADIES SHERRY-COFFEE— Petroleum 
Club of New Orleans, Shell Building 


2:15 p.m. to 5:00 p.m. — FLUID MECHANICS — 
Roosevelt International Room 

502-G: Displacement of Oil by Water Flooding — A 
Discussion of Laboratory Evaluation Methods, 
The Importance of Wettability, and Considera- 
tion of Other Important Variables, T. F. Moort 
and R. L. Stospop, The Atlantic Refining Co. 
Wettability Versus Displacement in Water 
Flooding in Unconsolidated Sand Columns, 
Jack NewcomsBe, JoHN McGHeE and M. J. 
Rzasa, Cities Service Research and Develop- 
ment Co. 


518-G: A Comparison of Field k,/k, Characteristics 
and Laboratory k,/k, Test Results Measured by 
a New Simplified Method, W. W. Owens, D.R. 
PARRISH, and W. E. LAMoREAUx, Stanolind Oil 
and Gas Co. 
Experimental Waterflooding Recoveries at Pres- 
sures Above and Below the Bubble Point, D. M. 
Bass, JR. and PAUL B. CRAWFORD, Texas Petro- 
leum Research Committee 


2:30 p.m. to 5:00 p.m. — SLIM HOLE DRILLING — 
Roosevelt Ballroom 

506-G: An Engineering Appraisal of Small Diameter 
Hole Drilling in Soft Rock Operations, J. H. 
FAULK, The Atlantic Refining Co. 

512-G: Slim Hole Drilling, by P. L. MCLAUGHLIN, 
Cardwell Manufacturing Co., Inc. 

529-G: Development of Services and Equipment for 
Slim Holes, T. A. HUBER, Humble Oil and Re- 
fining Co. 

516-G: New Developments in the Control of Lost Cir- 
culation, P. P. Scott and J. L. LumMMus, Stano- 
lind Oil and Gas Co 


2:30 p.m. to 5:00 p.m. — INFORMAL CONFERENCE 
— ELECTRICAL LOGGING IN SHALY SANDS 
— St. Charles Hotel Ballroom 

6:30 p.m. — FOR LADIES AND MEN -—— BUFFET 
SUPPER AND DANCE DURING STEAMER 
RIDE ON MISSISSIPPI — Delta Section, Hosts 


Tuesday, October 4 


8:30 a.m. to 11:15 a.m. — CEMENTING — Roosevelt 
International Room 

508-G: A New Material for Deep Well Cementing, 
DwiIGHT K. SMITH, Halliburton Oil Well Ce- 
menting Co. 

519-G: Problems in Casing Collapse, G. N. MURCHEY, 
Creole Petroleum Corp 

522-G: An Accelerated Squeeze-Cementing Technique, 
G. K. DUMBAULD, D. Perry. F. A. BROOKS, 
Jr., and G. W. BINKLEY, Humble Oil and Re- 
fining Co. 

: A New Retrievable Wire Line Cementing Tool, 

BLAKE M. CALDWELL and GEoRGE E. BRIGGs, 
Jr., Welex Jet Services, Inc 





Advance registration will not be conducted for the 
Petroleum Branch Fal! Meeting this year. The Petro- 
leum Branch Executive Committee voted to discon- 
tinue advance registration because of the few mem- 
bers who were taking advantage of it and the expense 
involved in carrying it out. Further details of the 
meeting are published on page 27 











IOURNAL OF PETROLEUM TECHNOLOLCY 





8:30 a.m. to 11:15 a.m. — ECONOMICS AND GEN- 
ERAL INTEREST — Orpheum Theater 
551-G: The Near-Term Supply and Demand Outlook 
for the Petroleum Industry, JOHN G. WINGER, 
Chase Manhattan Bank 
552-G: Objectives of Engineering Education, WILLIAM 
V. Houston, Rice Institute 
541-G: Northeast Butterly Pool — Case History, Roy 
BUTLER, S. D. McCLoup and Jack MARSHALL, 
Continental Oil Co. 
12:00 m. — LADIES LUNCHEON AND STYLE 
SHOW — Roosevelt Ballroom 


12:15 p.m. — PETROLEUM BRANCH MEMBER- 
SHIP LUNCHEON — Roosevelt International 
Room 


2:30 p.m. to 5:00 p.m. — DRILLING — Roosevelt In- 
ternational Room 

557-G: Flow Properties of Suspension in Drilling Mud 
Design, W. C. BROWNING, Marathon Corp. 

505-G. Effect of Mud Column Pressure on Drilling 
Rates, A. S. Murray, Imperial Oil Ltd., and 
R. A. CUNNINGHAM, Hughes Tool Co. 

525-G: Lost Circulation Information Obtained with a 
New Tool for Detecting Zones of Loss, T. BAR- 
DEEN and A. J. TePLitz, Guif Research & De- 
velopment Co. 
Development and Testing of Jet Pump Pellet 
Impact Drill Bits, P. S. WiLLiamMs, The Carter 
Oil Co. 


2:45 p.m. to 5:00 p.m.— MODELS AND ANALOG 
COMPUTERS — St. Charles Hotel Ballroom 
507-G: The Determination of the Water Injection Pro- 
gram for the Delhi Field by Means of the 
Automatic Multi-Pool Analyzer, O. L. PATTER- 
SON, Sun Physical Research Lab., C. G. O. 
DuTTOoN and H. E. EL tis, Sun Oil Co. 
An Analog Computer for Studying Heat Trans- 
fer During a Thermal Recovery Process, L. C. 
VOGEL and R. F. KRUEGER, Union Oil Co. of 
California 
The Application of the Gelatin Model jor Study- 
ing Effect of Mobility Ratio on the Performance 
of Horizontally Fractured Thin Reservoirs, 
PAUL B. CRAWFORD and MELVEN BURTON, 
Texas Petroleum Research Committee 
Theory of Dimensionally Scaled Models of Pe- 
troleum Reservoirs, G. A. CRoES, J. GEERTSMA 
and N. SCHWARZ, Koninklijke/Shell-Laborato- 
rium, Amsterdam 

7:00 pm. — PETROLEUM BRANCH BANQUET 

AND DINNER DANCE — Roosevelt Ballroom 
and International Room 


Wednesday, October 5 


8:30 a.m. to 11:45 am. — FLUID MECHANICS — 
Roosevelt Ballroom 
510-G: Influence of Rock and Fluid Properties on Im- 
miscible Fluid Flow Behavior in Porous Media, 
F. E. Mer iss, J. D. DOANE and M. J. Rzasa, 
Cities Service Research and Development 
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The Determination of Partial Pressure Maint 
nance Performance by Laboratory Flow Tests 
F. F. Craic, Jr., and T. M. GEFFEN, Stanolind 
Oil & Gas Co. 

: Mechanism of Water Flooding in the Presenc: 
of Free Gas, J. R. KyTe, R. J. STANCLIFT, S. 
STEPHAN and L. A. RAPoport, The Carter Oi! 
Co. 

i: Determining Gravity Drainage Characteristics 
on the Centrifuge, J. W. Marx, Phillips Petro 
leum Co. 


8:30 a.m. to 11:45 a.m.— WELL COMPLETION — 
Roosevelt International Room 

526-G: Control of Incompetent Sands Using Plastic 
Coated Walnut Shells, J. K. HENDERSON, W. | 
SALLEE, and C. M. Stout, Dowell Incorporated 

531-G: Friction Loss of Fracturing Fluid, THOMAS A 
MATTHEWS II and C. O. BUNDRANT, The West 
ern Co. 

533-G: Some Aspects of Sand-Oil Fracturing in Long 
Heterogeneous Sand Sections, MARK F. NERO, 
International Petroleum Co., Ltd. 

514-G: Design of Casing Strings, C. N. Bowers, Gull 
Research and Development Co. 

8:30 am. to 11:15 am.— GAS TECHNOLOGY — 

Orpheum Theater 

524-G: Analysis of Low-Temperature Separation Plants 
H. E. STAMM, et al, Humble Oil and Refining 
Co. 

538-G: Investigation and Correlation of the Variables 
Affecting Separator Liquid Accumulation, Wi 
LIAM E. PORTMAN and JOHN M. CAMPBELL. 
The University of Oklahoma 
Simultaneous Flow of Liquid and Gas Throug/: 
Horizontal Pipe, A. F. Bertuzzi, M. R. TEK 
and F. H. POETTMANN, Phillips Petroleum Co 


1:30 p.m. to 4:30 p.m. — RESERVOIR ENGINEER- 
ING — Roosevelt Ballroom 
513-G: A Practical Method for Treating Oil-Field Inte: 
ference in Water-Drive Reservoirs, M. Mor 
raADA, Magnolia Petroleum Co. 

: Performance Calculations for Combination 
Drive Reservoirs, N. J. CLarRK and L. D 
Woobpy, JRr., Humble Oil and Refining Co. 

3: Recovery of Oil by Condensing Gas Drive 
H. L. STONE and J. S. CRump, Humble Oil and 
Refining Co. 

3: Gas Drive and Gravity Drainage Analysis fo 
Pressure Maintenance Operations, D. R. SHREV! 
and L. W. WELCH, Jr., The Carter Oil Co. 


1:30 p.m. to 4:30 p.m.— PRODUCTION OPERA. 
TIONS — Roosevelt International Room 

515-G: Removal of Sulfides from Brine by Submerged 
Combustion, W. J. Hart et al, Gulf Oil Corp 

527-G: Successful Conditioning of Pacific Ocean Wate) 
for Waterflocd Injection, J. D. SupBury, C. | 
KNUTSON, MARTIN FELSENTHAL and J. D 
LuNG, Continental Oil Co. 
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NOMINEES for AIME OFFICES for 1957 


In accordance with AIME by-laws, biographical 
sketches are given below of the men nominated by 
the 1955 Institute Nominating Committee for president, 
vice-presidents, and directors. Any additional nomina- 
tions must be signed by 25 Members.or Associate Mem- 
bers and sent to the Institute secretary by Sept. 1, 1955. 
A letter ballot will be mailed if such additional nom- 
inations are received. Each of the elected officers is 
to serve three years, with the exception of the president 
who will serve for one year. 


For President 


GROVER J. HOLT, general manager of the Ore Min- 
ing Dept. of Cleveland-Cliffs Iron Co., Ishpeming, 
Mich., has been nominated for the presidency in 1957. 
He received degrees in mining engineering from the 
University of North Dakota and did graduate work 
at the University of Utah. Following military service, 
he held positions with Bunker Hill & Sullivan Mining 
& Smelting Co., U. S. Steel Corp., and Manganiferous 
Iron Co. From 1930 until 1942 Holt was assistant to 
the vice-president of Butler Brothers. In 1942 he joined 
Cleveland-Cliffs as chief engineer. He is a past chairman 
of the Minnesota Local Section, the Minerals Beneficia- 
tion Div., the MBD annual fall meeting, and the Insti- 
tute Nominating Committee. 


For Vice-President and Director 


JOSEPH LINCOLN GILLSON has been with E. I. du- 
Pont deNemours & Co. since 1930. He holds BS and 
MA degrees from Northwestern University and a MS 
degree from MIT. Before joining duPont, he taught 
at both Northwestern and MIT. Gillson is a past chair- 
man of the Industrial Minerais Div. and the AIME 
Committee on Democratization. From 1951 until 1954, 
he was a vice-president of AIME. 

Lioyp E. ELkins has been associated with Stanolind 
Oil & Gas Co. since graduation from Colorado School 
of Mines. Now he is director of production research. 
In 1948 he attended the advanced management pro- 
gram at the Harvard Graduate School of Business 
Administration. In 1949 he was chairman of the Petro- 
leum Branch, after serving as a local section chairman, 
Branch vice-chairman, and on the Executive Commit- 
tee. Elkins has been an AIME director since 1953. 


For Director 


R. B. CapPLes is a nominee for another term as 
AIME director, after having just completed a three- 
year term. He is president and director of Anaconda 


30 


Aluminum Co. Shortly after graduation from the Mis- 
souri School of Mines he began his career with Ana- 
conda Copper Mining Co. In 1948 he received an 
honorary degree of Doctor of Engineering from the 
Missouri School of Mines. 

C. R. Dopson has been active in the petroleum in- 
dustry for the last 19 years. He is a graduate of the 
University of Maryland and MIT, and has done grad- 
uate work at the University of California. Prior to 
becoming assistant vice-president of the First National 
City Bank of New York City in 1954, Dodson held 
positions with General Electric Co., York Ice Machinery, 
Standard Oil Co. of California, the University of South- 
ern California faculty, and as a petroleum consultant. 

ANDREW FLETCHER, president of St. Joseph Lead 
Co., has held the positions of president, treasurer, and 
director of AIME. He has a PhB degree in mechanical 
engineering from Yale and an honorary degree of 
Doctor of Engineering from the University of Missouri. 
Fletcher also is president of Mine LaMotte Corp. and 
Bonne Terre Farming & Cattle Co.; vice-president of 
Missouri-Illinois R. R. Co.; and director of American- 
Hawaiian Steamship Co 

C. R. KUZELL is vice-president in charge of western 
activities for the Phelps Dodge Corp. and president of 
the Apache Powder Co. After graduation from Case 
School of Applied Sciences, he joined Anaconda Cop- 
per Mining Co. From 1918 to 1935 Kuzell was asso- 
ciated with United Verde Copper Co., then it became 
a part of Phelps Dodge Corp. The AIME member since 
1912 was named to his present position in Jan., 1955. 

FRED J. MEEK is plant engineer for the American 
Zinc Co. of Illinois. After attending the University of 
Illinois and serving in World War I, he worked with 
Egyptian Coal and Mining Co. and O. K. Coal Co. 
Later he held a position with Lawsonia Realty Corp., 
then joined Eagle-Picher Lead Co. in 1932. After 
becoming plant engineer for American Zinc in 1941], 
Meek was put in charge of engineering and later be- 
came superintendent of the Power and Mechanical 
Depts. 

Gait F. Mouton, AIME treasurer, has been re- 
nominated for a three-year term as an AIME director. 
After graduation from the University of Chicago, he 
was assistant professor at the University of South 
Dakota, head of the petroleum section of the Illinois 
State Geological Survey, and with United Gas Co., 
Electric Bond & Share Co., and Ralph E. Davis, Inc 
Since 1951 he has been with Rockefeller Brothers, Inc., 
in New York City. wk 
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PROPOSED LETTER SYMBOLS for ELECTRIC LOGGING 


A program to standardize letter symbols for use in 
mathematical expressions was undertaken by the Petro- 
leum Branch in 1951 with the appointment of a commit- 
tee to consider symbols for reservoir engineering. In 
1952 a subcommittee was formed, consisting of H. G. 
Doll, chairman, A. A. Perebinossoff, and Milton Wil- 
liams, to develop a set of logging symbols. 

The Logging Subcommittee has prepared a list of 
proposed electric logging symbols which has been ap- 
proved for publication in this issue by the Branch Execu- 
tive Committee. The Executive Committee has also 
allowed the Logging Subcommittee until Jan. 15, 1956, 
to make alterations in the list. Accordingly, all members 
of the Petroleum Branch are invited to submit com- 
ments and suggestions on the list which appears below. 
These comments should be addressed to: 

Symbols Committee 
Petroleum Branch, AIME 
800 Fidelity Union Building 
Dallas 1, Tex. 

On the basis of suggestions received, the Logging Sub- 
committee will revise the list and submit it to the Execu- 
tive Committee for adoption as a standard. 

This request for comments parallels that which was 
issued when the proposed list of reservoir engineering 
symbols was published in January, pages 37 to 39. The 
reservoir engineering list was accompanied in the Jan- 
uary publication by a list of guides adopted by the 
Symbols Committee in selecting specific symbols, and by 
a formal statement of general principles of standardiza- 
tion. These guides and general principles apply equally 
to the proposed electric logging list below. 

In order to conform to symbols chosen by the main 
Symbols Committee for the reservoir engineering list, 
the Logging Subcommittee has selected two symbols, 
f for porosity and o (sigma) for conductivity, which do 
not represent the preferences of the subcommittee mem- 
bers, who would rather use ¢ (phi) and C respectively. 
On the other hand, the subcommittee has been unwilling 
to go so far as to abandon R for resistivity in order to 
he consistent with the reservoir engineering list, where 
p (rho) is used. 


English Dimensions* 
r resistance mL*/tQ 
R resistivity mL*/tQ 
R, apparent resistivity mL*/tQ° 
R, average resistivity of invaded zone mL’*/tQ” 
R,, resistivity of invaded zone close to 


the wall of the hole, where flush- 


ing has been maximum mL*/tQ” 
Rx mud resistivity mL*/tQ 
R,,. mud cake resistivity mL*/tQ° 
Ry- mud filtrate resistivity mL*/tQ’ 


R, in the laboratory: resistivity of an mL’/tQ° 
electroiytic solution 
in the field: resistivity of intersti- 
tial water 
R, _ resistivity of a mixture of two 


solutions mL*/tQ’ 
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R resistivity of a formation 100 per 
cent saturated with water of re- 
sistivity R,, mL*/tQ 
R, true formation resistivity mL*/tQ 
R, resistivity of surrounding forma- 
tions mL*/tQ 
/ resistivity index—equals R,/R,, 
F. resistivity formation factor in gen- 
eral—equals R,/R,. (Numer- 
ical subscript indicates value of 
R,,. For example, F,., represents 
the value of formation fac- 
tor measured with R, = 0.3.) 
F,, limiting value of resistivity forma- 
tion factor when R,, approaches 
zero 
f porosity 
m formation resistivity factor expo- 
nent 
n permeability L* 
p pressure m/ Lt 
T temperature rT 
S saturation 
Ss water saturation 
S, oil saturation 
S, gas saturation 
n saturation exponent 
H gross pay thickness L 
h net pay thickness Zz 
e individual bed thickness E, 
‘me mud cake thickness L 
d hole diameter L 
D, — electrically equivalent diameter of L 
the invaded zone 
E potential difference mL*/ tO 
E. electrochemical component of the mL*/rQO 
spontaneous electromotive force, 
equals the electrochemical com- 
ponent of the spontaneous po- 
tential (self potential) when the 
bed is thick 
Ey electrokinetic component of the mL*/1 0 
spontaneous electromotive force, 
equals the electrokinetic com- 
ponent of the spontaneous po- 
tential (self potential) when the 
bed is thick 
K coefficient in the equation of the mL*/1(V 
electrochemical component 
Greek 
«a alpha spontaneous electromotive force 
reduction factor equals the 
spontaneous potential (self po- 
tential) reduction factor when 
the bed is thick: ratio of the 
value of E. for a given shaly 
sand to the value of FE, for a 
clean sai:d having the same con- 
nate water 
o sigma conductivity 10°/mL 
In the dimensional formulas m mass, L length, ¢ time 
T temperature, Q = electrical charge. 





ROCKY MOUNTAIN PETROLEUM SECTIONS HOLD 
OUTSTANDING MEETING 


The precedent for an annual joint 
meeting of the Petroleum sections of 
AIME in the Rocky Mountain region 
was launched with the first such 
meeting in Denver, May 26-27. Some 
330 men registered for the meeting, 
and it was also attended by a num- 
ber of ladies. 

Eleven papers were presented on 
the two-day technical program. In- 
terest of those attending the meet- 


ing in this program and the social 
functions remained high throughout 
the meeting. 

Richard W. French, vice-president 
and general manager of Sohio Petro- 
leum Co., and 1951 Petroleum 
Branch chairman, spoke to about 
150 persons attending the Welcom- 
ing Luncheon on the subject “Where 
Is AIME Going?” The purpose of 
his talk was to point up the fact that 
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petroleum engineering is not an art 
based upon one college curriculum. 
Rather it is a unification of several 
engineering skills and sciences, and 
that our real strength in AIME is 
the application of these to our com- 
mon activity of oil production. Un- 
der this broad concept petroleum en- 
gineering and the Petroleum Branch 
of AIME can continue its healthy 
growth in the future. Further, be- 
cause of the natural association of 
three branches of engineering to the 
extraction of mineral resources, 
AIME will continue to grow and 
render respected public service as the 
professional society for these fields. 

Fourteen exhibitors participated in 
the meeting. A luncheon and style 
show was attended by approximately 
60 ladies, and a dinner-dance on 
Friday evening was attended by some 
165 persons. At the conclusion of 


the meeting it was decided to make 
the Joint Meeting of AIME Rocky 
Mountain Petroleum Sections an an- 
nual affair, and plans are being made 


now to hold the meeting next year in 
Casper, Wyoming 
Joe B. ALFORD 


\ scene at the banquet and dance 
is pictured at top left. A portion of 
those attending a technical session is 
s’iown at center left. Officers for the 
meeting (at bottom) are, left to 
right: Donald F. Brown, Jr., Sharples 
Oil Corp., arrangements; Billy F. 
Burke, Carter Oil Co., registration: 
Dale R. Worth, Continental Oil Co., 
arrangements; Paul E. Grimm, The 
Texas Co., entertainment; R. L. Hoss, 
Vaughey & Vaughey, general chair- 
man: E. A. Polumbus, Jr., Polumbus 
Engineering, entertainment; Obie L. 
Staleup, Halliburton, publicity; and 
John W. Tynan, Continental Oil Co., 


program. 
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TAKE A CLOSE LOOK 
AT YOUR 
PRODUCTION 
POSSIBILITIES 


SCHLUMBERGER 


SIDE-WALL CORING 












Schlumberce: 


Side-Wall Corins 





Oil operators everywhere are familiar with 
Schlumberger Side-Wall Cores. Used widely in uncon 









solidated areas, they are recognized as one of 





the most efficient and reliable sources of reservoir information 
This is best evidenced by the fact that more than 1,000,000 

cores have been sold to the Industry since the 
method was introduced in 1936. Many oil fields have been found 







or confirmed by Schlumberger Side-Wall Cores 


With the addition of the “hard formation” bullet to 
the Schlumberger Side-Wall Coring device, consolidated formations 







previously considered too hard for side-wall core recovery 






are now yielding cores of substantial length which are more 






than adequate for commercial analysis. 













the pictorial study of cores 


On the following pages, you will find life-size 





pictures of typical cores taken with the Schlumberger Side-Wall 






Coring Tool. All oil producing areas of the United States 






are represented. Regardless of where your drilling operations 






are located, you will find a picture indicating the 






amount of recovery you may anticipate in one or more of your 






possible producing horizons 





oe 


on RR 


a 











if tc Will Produce. 
Schlumberger Can 
Core It 


During the many years of service to the Petroleum 
Industry, improvements in design and operation have 
progressively appeared in the Schlumberger coring 
device. Two obvious results of these improvements 
have been larger cores, and more 
cores per trip in the hole. R ty 
a third and very important\ engi- 
neering advancement was made 
which opened an entirely \ new 
area of activity . . . hard-formation 
coring. This advancement \was 
made possible by a new bullet, de- 
sign in addition to changes in\the 
instrument itself. With the addition 
of the hard-formation coring bul- 
let, it is now possible to obtain 
cores in almost all sedimentary 
formations. 


The 

Schlumberger 
Side-Wall 

Coring Device 

The Schlumberger Side-Wall Cor- 
ing Instrument is a percussion type 
tool. Hollow bullets contained in 
barrels in the instrument are fired 
into the formation by means of an 
explosive charge which is elec- 
trically fired by controls at the sur- 
face. The degree of penetration is 
governed by: (1) Varying the 


amount of explosive in the barrel; (2) The type of 
bullet. 


The bullets and contained cores are recovered from 
the formation by a retrieving cable (or wires) con- 
nected to the body of the instrument. Up to 30 cores 
can be obtained on one trip in the hole at specified 
depths. The bullets are fired in sequence upward 
from the bottom of the gun and are positioned accu- 
rately by using the S. P. curve of the electrical log 
as an absolute depth reference. After each core is 
taken, it hangs downward at the end of the retrieving 
cable without interfering with the next shot. 


Schlumberger Hard 
Formation Coring 
Bullet 







The Selection 
Of Side-Wall 
Coring Points 


It has become standard practice to use both the 
Schlumberger Electrical Log and the Microlog in the 
selection of proper coring points in a well. The Elec- 
trical Log indicates the possible producing zones, 

a and accurately controls the place- 
ment of shots. Depth control is 
accomplished by adjusting the 
side-wall core depths to the Elec- 
trical Log depths directly through 
correlation of a second S. P. curve, 
observed in conjunction with the 
coring operation. The MicroLog is 
used to precisely identify permea- 
ble intervals in the zone which is 
to/be cored. It aids materially in the selection of 
coring points by eliminating unproductive intervals, 
thus reducing the number of shots necessary to 
évaluate the zone. 


Schlumberger Side-Wall 

Coring Is Highlighted 

By its Economy 

1. The operation of the Schlumberger tool is rapid. 
Thirty samples can be taken at 10,000 feet in only 


two hours. This is less than half the time it would 
take for a round trip with the drill pipe. 


2. It is unnecessary to watch carefully for coring 
breaks during the drilling operation. 


3. The cores cost very little compared to conven- 
tional, wire line or diamond coring. 


4. Cores are taken in conjunction with electrical 
logging operations so there is no rig time involved 
except for the coring operation itself. 


5. Pin-point accuracy is assured; the cores are ob- 
tained at exactly the desired depth by using the 
S. P. curve as a direct reference. 


6. Cores are sufficiently large for a complete core 
analysis. Many commercial core laboratories are 
equipped to handle Schlumberger cores and the 
number of such analyses is rapidly increasing. 


7. Cores are being used more and more in litholog- 
ical and paleontological studies. Many shale and 
other cores are taken for this purpose. 


Coring Device Dimensions 


Large Sample Taker 


30-shot gun 
Minimum hole size ye ag 
Core dimensions: 
Soft formation bullet — diameter 1 vie 
Maximum length — 2 1/4" 
Hard formation bullet — diameter 13/16” 


Maximum length — 2 1/4" 


Standard Sample Taker 


24-shot gun 18-shot gun 6-shot gun 
6 1/4” 6 1/2” 3. 1/2” 
- 3/4" 3/4" 
1 3/4” 2 1/4” 2 1/4” 
13/16” _ _ 
1 3/4” _ — 




















LIBERTY, TEXAS 
Miocene @ 2300’ 
30% Porosity 


LAUREL, MISSISSIPPI 
Lower Cretaceous @ 9000’- 
12,000’ 
Left to Right: Porosity 
Rodessa 16% 
Rodessa 16% 
Lower Glen Rose 18% 
Lower Glen Rose 18% 
Unnamed 20% 
Unnamed 20% 


EVANSVILLE, INDIANA 
Mississippian @ 2150 

Left to Right Porosity 
Benoist SS 13% 
Benoist SS 13% 
Benoist SS 13% 
Mississippian @ 2300’ 
McClosky Lime 12% 
McClosky Lime 12% 
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FARMINGTON, NEW MEX. 
Lower Cretaceous (@ 2200’ 
Left to Right: Porosity 
Pictured Cliffs SS 10% 
Pictured Cliffs SS 12% 


ABILENE, TEXAS & 
Permian @ 2100’ 

Left to Right: Porosity 
Dothan SS 15% 

Permian @ 2400’ 

Tannehill SS 15% 

Permian @ 1600’ 

Fresh Water SS 22% 


CASPER, WYO. © 
Cretaceous @ 3000’ 

Left to Right: Porosity 
Muddy Sandstone 12% 
Muddy Sandstone 12% 


NEWCASTLE, WYO. 
Cretaceous @ 5000’ 
Lakota Sandstone 
Lakota Sandstone 


LAUREL, MISSISSIPPI a 
Lower Cretaceous @ 9000’- 
12,000’ 
Left to Right: Porosity 
Paluxy SS 20% 
McAlpine SS 20% 
Bailey SS 14% 
Bailey SS 14% 











BAKERSFIELD, CALIF. 
Miocene @ 1200’ 

Left to Right: Porosity 
Watersand 26% 
Watersand 26° 
Miocene (@ 3200’ 

Valz SS 26% 


ABILENE, TEXAS 
Penn. @ 5000’ 
Reef Lime 
Ordovician @ 4200’ 


Ellenberger 
Penn. @ 3600’ 
Caddo Lime 
Penn. (@ 2900’ 
Upper Fry SS 


DUNCAN, OKLAHOMA 
Permian (@ 2700’ 

Left to Right: Porosity 
Noble-Olson SS 12% 
Noble-Olson SS 129 
Noble-Olson SS haa 
Noble-Olson SS 13% 














WHARTON, TEXAS 
Frio SS @ 7400’ 
Left to Right: Porosity 
30% to 33% 
30% to 33% 
Miocene SS @ 3500’ 
32% to 35% 
32% to 35% 
32% to 35% 


COLUMBUS, TEXAS 
Eocene @ 9700’ 
Left to Right: Porosity 


Wilcox SS 13% to 18% 
Wilcox SS 13% to 18% 
Wilcox SS 13% to 18% 


WICHITA, KANSAS 
Penn. @ 2800’ 


Left to Right: Porosity 
Layton SS 20% 
Layton SS 18% 
Layton SS 20% 


TULSA, OKLA. 


Penn. @ 1800’ 
Unnamed SS 20% 
Unnamed SS 20% 


CUSHING, OKLAHOMA 
Cleveland SS 20% 
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Covering 


Canada 


Well 


xas 
Bus Christi, Texas 

bifurrias, Texas 
enedy, Texas 

Pharr, Texas 

Victoria, Texas 

Pleasanton, Texas 

Hebbronville, Texas 

Luling, Texas 


Shreveport, Louisiana 
Monroe, Louisiana 
Tyler, Texas 
Magnolia, Arkansas 
Corsicana, Texas 


Lake Charles, Louisiana 
New Iberia, Louisiana 
Opelousas, Lovisiana 
Jennings, Louisiana 
Morgan City, Louisiana 


Gretna, Louisiana 
Houma, Louisiana 
Donaldsonville, Louisiana 


Surveying Corporation 


as 
« 


yer Side-Wall Coring Gun 


AVAILABLE AT 


Golden Meadow, Louisiana 
Buras, Louisiana 


Laurel, Mississippi 
Natchez, Mississippi 


Ardmore, Oklahoma 
Oklahoma City, Oklahoma 
Shawnee, Oklahoma 
Duncan, Oklahoma 

Perry, Oklahoma 

Pauls Valley, Oklahoma 
Pawhuska, Oklahoma 
Cushing, Oklahoma 
Okmulgee, Oklahoma 
Ada, Oklahoma 


Wichita, Kansas 
Russell, Kansas 

Liberal, Kansas 

Great Bend, Kansas 
Pampa, Texas 
Independence, Kansas 
Medicine Lodge, Kansas 
Wakeeney, Kansas 


Flora, Illinois 

Mt. Carmel, Illinois 
Mt. Vernon, Illinois 
Evansville, Indiana 
Mt. Pleasant, Michigan 


THE EYES 


THESE LOCATIONS 


Washington, Pennsylvania 


Abilene, Texas 
Graham, Texas 
Wichita Falls, Texas 
Gainesville, Texas 
Eastland, Texas 
San Angelo, Texas 
Haskell, Texas 
Coleman, Texas 
Electra, Texas 
Sherman, Texas 


Midland, Texas 
Hobbs, New Mexico 
Lubbock, Texas 
Kermit, Texas 
Snyder, Texas 
McCamey, Texas 
Big Lake, Texas 


Casper, Wyoming 
Cody, Wyoming 

Great Falls, Montana 
Glendive, Montana 
Newcastle, Wyoming 
Williston, North Dakota 
Riverton, Wyoming 
Rock Springs, Wyoming 


Farmington, New Mexico 


OF THE 


Oil 


Sidney, Nebraska 
Vernal, Utah 

Fort Morgan, Colorado 
Sterling, Colorado 


Ventura, California 
Long Beach, California 
Santa Maria, California 
Newhall, California 
Fullerton, California 


Bakersfield, California 
Coalinga, California 
Taft, California 
Sacramento, California 
Ely, Nevada 


Calgary, Alberta 
Edmonton, Alberta 

Peace River, Alberta 
Stettler, Alberta 
Wildwood, Alberta 
Drayton Valley, Alberta 
Dawson Creek, British Col. 
Red Deer, Alberta 


Regina, Saskatchewan 

Swift Current, Saskatchewan 
Kindersley, Saskatchewan 
Virden, Manitoba 

Oxbow, Saskatchewan 


INDUSTRY 








Do These Affect You? 








MEMBERSHIP REGULATIONS 


VIRGINIA B. DAGGETT 


Magazines for Members 
Called to Military Service 


Members and Student Associates 
called into military service may now 
receive the JOURNAL OF PETROLEUM 
TECHNOLOGY without charge for the 
duration of their active duty. 


Formerly, a member inducted into 
military service could be transferred 
to “Inactive Status Because of Mili- 
tary Service.” Dues payments and 
publications would be suspended tem- 
porarily, but he would retain his 
original election date and could be 
reactivated upon request as soon as 
he was released. 


The Executive Committee of 
AIME at its May meeting voted to 
rename this “Service Status,” and to 
send the desired monthly journal to 
the member free of charge if he 
specifically requests it. Each mem- 
ber presently registered as inactive 
was to be contacted®to determine 
whether he wishes the journal, and 
he will be asked to reaffirm his wish 


ASSISTANT SECRETARY 
PETROLEUM BRANCH, AIME 


annually, so long as he is in service. 

Service Status can be granted only 
upon request of the member, and 
must be approved by the Board of 
Directors. It is the member’s respon- 
sibility to keep in touch with the 
AIME if his address changes, and 
to request reactivation immediately 
after he is released from the service. 
This special provision is intended for 
the benefit of young men serving 
their required term of military duty, 
and not for members who choose the 
military as a career. 
Graduating Students 

Student Associates graduating this 
sping and summer are urged to 


-notify the AIME of their new com- 


pany affiliations and mailing ad- 
dresses as soon as possible. It is not 
necessary to file an application for 
change of status to Junior Member. 
Students who have been graduated 
during this calendar year will be 
automatically transferred to Junior 
Member at the end of the year. It 





is important, however, that we have 
a correct mailing address on record 
at that time. Students who planned 
to graduate this year should notify 
AIME if they will remain in school 
longer. A student’s anticipated date 
of graduation is taken from his orig- 
inal application for AIME records, 
and any later change in plans should 
be forwarded to the secretary’s office. 
Junior Members Reaching Age 33 

A Junior Member who passes his 
33rd birthday during this calendar 
year will be required to change status 
to a higher grade at the end of the 
year, unless he joined AIME with a 
military service exemption after he 
was 30 years of age. 

Junior Members who have reached 
the maximum age will automatically 
be transferred to Associate Member 
status at the end of the year. Those 
who have the qualifications for Mem- 
ber should complete a change of 
status application, with full career 
data and three member endorsements. 
This may be submitted either before 
or after the automatic transfer to 
Associate Member. An initiation fee 
of $20 is due upon transfer into 
either Associate Member of Mem- 
ber status, whichever occurs first. A 
credit of $2 is extended toward this 
fee for each previous year of con- 
tinuous membership as a Student As- 
sociate or Junior Member. The bal- 
ance due may be paid in $5 annual 
installments if desired. 


Proposed for Membership, Petroleum Branch, AIME 


TOTAL AIME membership on April 30, 
1955, was 22,499; in addition 1,687 Student 
Associates were enrolled. 


PETROLEUM BRANCH ADMISSIONS 
COMMITTEE 


Virgil B. Harris, chairman; C. C. Harter; 
Charles Hudson; Raoul J. Bethancourt; Oscar 
K. McElheney; Jack Wahl. 


INSTITUTE ADMISSIONS COMMITTEE 

P. D. Wilson, chairman; F. A. Ayer, A. C. 
Brinker; R. H. Dickson; T. D. Jones; F. T. 
Hanson; Sidney Rolle; O. B. J. Fraser; F. T. 
Sisco; Frank T. Weems; R. L. Ziegfeld; R. B. 
Caples; F. W. MecQuiston, Jr.; Arthur R. 
Lytle; H. R. Wheeler; L. P. Warrimer; J. H. 
Scaff. 


The Institute desires to extend its privileges 
to every person to w it can be of service, 
but does not desire as members persons who 
are unqualified. Institute members are urged 
to review this list as soon as possible and 
immediately to inform the Secretary’s office if 
names of people are found who are known 
to be unqualified for AIME membership. 

In the following list C/S means change of 
status; R, reinstatement; M, Member; J, 
Junior Member; A, Associate Member; S, 
Student Associate. 


California 

Gosngtens — Canam John Joseph (R, C/S- 
-M). 

Downey—Markham, Wendell Glenn (M). 

Garden Grove—Newman, Ronald Hudson (M). 

Long Beach—Voorhees, Thomas Allen (J). 

Whittier—Schurman, Glenn August (M). 


Illinois 
Mattoon—Schauer, Paul Emerson, Jr. (M). 


Kansas 
Hoisington — Abraham, Olin W. (R, C/S-S- 
A). 
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Sigurdson, Elden Arlo (J). 
Pitchford, Albert Lucian (M). 


Russell 
Wichita 
Louisiana 
Golden Meadow—Walters, Jack Willard (M). 
Shreveport—Oldham, Forrest Robert, Jr. (M). 
Minnesota 


Minneapolis—Marr, Thomas Oliver (J). 


Montana 

Glendive—Dingfelder, Clyde Allen (A). 
Nebraska 

Sidney—Simonsen, Kenneth N. (J). 
New Mexico 

Hobbs—Nevill, Benjamin (M). 

Santa Fe—Utz, Elvis Adam (M). 

New York 

New York—Sterne, William P. (A). 
Phoenecia Atwater, Richard Mead, III (R, 
M). 

Oklahoma 

Ardmore—Tune, James Lewis, Jr. (J). 


Bartlesville—Bergman, William Erving (M). 
Duncan—Gerrett, Lilburn Hodge (J); Smith, 
Dwight Kirby (M). 

Healdton—Bamford, Robert James, Jr. (J). 
Oklahoma City—Matthews, Sam Joe (M). 
Tulsa — Clark, Thomas Arthur (M); Green, 
William Gladstone (R, M); Hinson, Billye J. 


(R, C/S-J-M); Millar, Peter James (M); 
White, Millage Miller (J). 

Texas 

Alta Loma—Lohec, Ronald Eugene (J). 
Bellaire—Clegg, Millard Fillmore, Jr. (J); 


Horn, John (M); Ormsby, George Stonewall 
(M); Quay, Albert Harrison (M). 

Bishop Christofferson, Robert King (J); 
Gilstrap, Tommy O. (C/S-J-M); Leissner, 
Edgar L. (M). 

Conroe—Lamberson, Jack Landis, Jr. 
Smart, Samuel B. (J). 


(M); 


teen} rere 


Corpus Christi—Bakke, Wilbur E., Jr. (J); 
Dudley, Bill M. (J); Hebert, Francis Julius 
(M): Hopson, Joseph William (M); Kahn, 
Harry Bradley, Jr. (M); Magee, Clarence 
O. (M); Osborne, Thomas Lloyd (M); Pear- 
son, Hubbard Hugh (A); Phillips, J. D 
(J); Stewart, Douglass Murray (M). 
Dallas—Hoipkemeier, Fredrick Loual (M). 
Fort Worth — Augustson, Arvin Willmor« 
(J); Briggs, George Edwin, Jr. (M); Me- 
Duff, Charles Homer, Jr. (J). 

Houston — Adler, Joseph Leopold (R, M); 
Brown, Joe Russell (M); Carlson, Karl Wil 
liam (J); Castel, Jacques Honore (M): 
Cooper, Theodore W. (A); Daigle, J. D 
(J); Gealy, Fred Daniel, Jr. (J); Greaney, 
John Edward (J); Huston, Gilmer P. (M): 
Martin, Neil B. (M); Peters, Beldon Alfred 
(J); Robison, Kenneth Orr (M); Smith, 
John Douglas (M); Taylor, Joseph Williams 
(A); Viney, Ralph H. (M); Woollett, Le- 
Roy (R, C/S-S-M); Worley, James Ellis (A) 
Liberty—Engelke, Clarence Paul (J). 
Midland—Burnett, Peter Geddes (C/S-A-M) ; 
Shoemaker, Robert Vernon (M). 

P. ena—Russell, James Harold (M). 
Pettus—Dupree, Francis Edward (J). 

San Antonio—Caran, Samuel Harry (R, C/S- 
S-M). 


Utah 
Salt Lake City—Schultz, Norman West (M) 


Wyoming 

Casper—Sweeney, Vincent Patrick, Jr. (J). 
McFadden—Parker, Raymond Wallace (M). 
Canada 

Calgary, Alta.—Bebensee, Lloyd Wilfred (M) 
Colombia 

Barranquilla—Trassard, Jean Francois (M). 
Venezuela 

Caracas—-Applegate, Albert Vernon 
M). 


(C/S-A- 








PROFESSIONAL SERVICES 


This space available only to AIME members 


Sy 


Rates Upon Request 





AMSTUTZ AND YATES, INC. 


Petroleum Engi s end Geologist: 
Estimates of Oil and Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 


406 KFH BLDG., WICHITA 2, KANS 











E. L. ANDERS, JR. 


Consulting Petroleum Engineer 
Secondary Recovery 
Reservoir Analyses 

Oil Property Management 
230 Petroleum Building 
ABILENE, TEXAS 
Phone: 3-225! 








BALL ASSOCIATES 
OIL AND GAS CONSULTANTS 
Douglas Ball 
Rex E. Cheek Taber de Polo 
1025 VERMONT AVENUE, N.W. 
WASHINGTON, D.C. 


CRUTCHFIELD AND PRUETT 


CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 
Donald D. Lewis 








EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
3316 East 21st St. 
TULSA 14, OKLAHOMA 
Phone: 9-6345 








EASTON & SACRE 


Consulting Petroleum Engineers 


E. M. Easton 
lL. P. Sacre, Jr. 
H. M. Allen 


1716 Oak Street Phone FAirview 5-5026 
BAKERSFIELD, CALIFORNIA 














J. HOWARD BARNETT 
PETROLEUM CONSULTANT 


Casper National Bank Bidg. Phone 2-1758 


113 East Second St. Casper, Wyoming 





WARD M. EDINGER 


Consulting Petroleum Engineer 
Secondary Recovery 
Oil and Gas Reserves 
Reservoir Analyses 
729 Hightower Building 
Oklahoma City, Okla. FO-5-1421 








ROBERT M. BEATTY 


C Iting a 1, ist 





Esperson Building Houston, Texas 








BRADLEY, OLIVER AND 
ASSOCIATES 
PETROLEUM CONSULTANTS 
Geology, Engineering and Management 


3300 Republic Bank Bidg. 
Dallas, Texas $T-5331 








Oil and Gas Reserves — Appraisals 
Flooding — Technology 


J. RANDOLPH BUCK 


Petroleum Engineer 
National City Bidg. 
DALLAS, TEXAS 


STerling 1688 








JOHN L. JORDAN 


Analytical and Petroleum Chemist 
Podbielniak and Charcoal Analysis 
Woter - Oil Field Brines 


CAMPBELL LABORATORIES 


Phone: Tulip 4-0371 Corpus Christi, Texas 





EMPIRE RESOURCES 
MANAGEMENT, INC. 


Management, Consulting and Evaluation 
Oil, Gas and Uranium 
J. Crichton, Pres.; C. C. Harter, Jr., Vice Pres. 
602 FIDELITY UNION LIFE BLDG., DALLAS 
ST-5396 
4TH FLOOR C&! BLDG., HOUSTON, CA-89571 








FITTING & JONES 


Engineering and Geological Consultants 


Ralph U. Fitting, Jr. 
J. R. Jones 
T. W. Hassell 


Petroleum Natural Gas 
223 S. Big Spring St Box 1637 
Phone 4-445! Midland, Texas 








ROBERT D. FITTING 


Petroleum Consultant 
Engineering and Geology 
MIDLAND, TEXAS 


201 West Building Phone: 4-4922 








MICHEL T. HALBOUTY 
CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 
Houston 2, Texas 


Phone PR-6376 














CHEMICAL & GEOLOGICAL 
LABORATORIES 
Cc ltants - Investigoti - Evaluations 
James G. Crawford Petroleum Engineer 
F. Raymond Wheeler Petroleum Engineer 
P. O. BOX 279 CASPER, WYOMING 














HARRELL DRILLING 
AND 
OlL COMPANY 


Contract Drilling — Production 
Geological Appraisals 
MELROSE BUILDING 

HOUSTON, TEXAS 


GEORGE A. HOCH 


Thin Section Technician 
Unconsolidated Materials a Specialty 
Standard and Vacuum impregnated Sections 
DEPT. OF GEOLOGY 
FRANKLIN & MARSHALL COLLEGE, 
LANCASTER, PA 








E. W. HOUGH 


Emulsion and Paraffin Problems 


Box 7547 University Station 
Austin, Texas 


Registered Engineer in California and Texas 








KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Reservoir Analysis 
Petroleum and Geological Engineering 
902 W. T. WAGGONER BLDG 
FORT WORTH, TEXAS 
Phone: FOrtune 4340 
W. O. Keller L. F. Peterson 








R. W. LAUGHLIN 


Well Elevations 
Laughlin-Simmons & Co 
2010 S. Utica 
TULSA 4, OKLAHOMA 














LEIBROCK & LANDRETH 


Consulting Petroleum Engineers 
Valuations — Reservoir Analyses 
Proration — Geological Investigations 
Property Management — Well Completions 
PETROLEUM LIFE BLDG. 

MIDLAND, TEXAS 
Phone 2-7500 P. ©. Box 605 
GEORGE H. LANDRETH R. M. LEIBROCK 








MARTIN, WILLIAMS & JUDSON 
PETROLEUM CONSULTANTS 


Engineering - Geology - Management 
31 Central Bidg Phone 2-5216 


MIDLAND, TEXAS 
Wittiam H. Martin R. Ken Williams 
Edward H. Judson 








WAYNE L. McCANN 
Petroleum Engineering and Geology 
SHREVEPORT, LOUISIANA 
Phone: 2-8023 


Petroleum Building 








BUCK J. MILLER 


Petroleum and Geological Engineering 
Evaluations—Reservoir Analysis 
Geological Investigations 
917 Staley Building, Wichita Falls, Texas 
Telephone: 3-9582 








M. M. MONTGOMERY 


CONSULTING PETROLEUM ENGINEER 
Valuations, Drilling, Well Completions 
Production, Workovers 
Property Management 
Hapip Bidg Williston, 

3-4642 North Dakota 
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NOWLAN-DODSON 
ENGINEERING, INC. 


Reservoir Analyses - Water Flood Projects 
Natural Gas Engineering 
Gas Storage Reservoirs 
EVANSVILLE, INDIANA 
319 COURT BUILDING PHONE 5-8154 








OILFIELD RESEARCH 


Core Analysis Reservoir Engineering 


1907 DIVISION, EVANSVILLE, 


INDIANA 
Phone: 7-1508 (Night 6-0608 or 6-4882) 
Service Laboratories 
Mt. Vernon, Ill. Paintsville, Ky. 
Phones: Day 5131 or Night 1160 








ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 
Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oil and 
Gas Reserves, Oil Property Valuation 
306 N. Cliffwood Ave., Los Angeles 49, 


Cclifornio 
Telephone: GRanite 2-2632 








PETROLEUM CONSULTANTS 
Engineering and Geology 
E. O. Bennett 
D. G. Hawthorn 
1552 Esperson Building 


James O. Lewis 
M. D. Hodges 
Houston 2, Texas 








PETROLEUM ENGINEERING 
INCORPORATED 


Petroleum and Geological Engineering 
Core Analysis - Appraisals 
Development and Operation of 
Water Flood Projects 
ROBINSON, ILLINOIS BOX 239 











PETROLEUM TECHNOLOGISTS 


Production Research - Core Analysis 
Secondary Recovery 





868 Truckway, Montebello, Calif. 
NORRIS JOHNSTON PArkview 1-5338 











PISHNY AND ATKINSON 


Engineers and Geologists 
Valuation of Oil and Gas Properties 


2412 Continental Life Bldg. 
FORT WORTH, TEXAS 


Chas. H. Pishny Burton Atkinson 








E. E. REHN 
Consulting Petroleum Geologist 
Oil Exploration 
Wood Building, 624 Locust Street 

EVANSVILLE, INDIANA 








R. WAYNE RUSSELL 
PETROLEUM CONSULTANT 
Engineering and Geology 
DALLAS, TEXAS 
625 Reserve Loan Life Building 

Phone ST 


JOHN HOWARD SAMUELL 


Specializing in Bank Valuations 
Geologist and Petroleum Engineer 
Compton Building Box 732 


Phone 4.4493 and 4-4597, Abilene, Texos 














WM. H. SPICE, JR. 


C lei Geal. 





2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 








SUBSURFACE 
ENGINEERING COMPANY 


Experts in Field Testing, Sampling and 
Analyzing Reservoirs and Reservoir Fluid 
for Reservoir Studies 
WRIGHT PETROLEUM LABORATORY 
Home Office: Box 1827, Tulsa 
Frank Purdum 








CHARLES C. (RUSTY) WILLIAMS 


Geologist — Geophysicist 
Williams Seismograph, Inc. 
252 South Green Street Phone 62-7274 
WICHITA, KANSAS 














JULY, 1955 


TECHNICAL BULLETIN 
ISSUE 

Again this year technical sales bul- 
letins will be published in the Sep- 
tember Fall Meeting Issue of Jour- 
NAL OF PETROLEUM TECHNOLOGY 
This policy of publishing “technica! 
bulletins for technical men” received 
acclaim among Petroleum Branch 
members after being inaugurated in 
the 1954 September issue. 

The binding of technical bulletins 
into the magazine is considered by the 
Branch Advertising Committee as a 
service to both advertisers and mem 
bers. The closing date for insertion 
of these bulletins is Sept. 1, 1955. 







































S une, competition makes everything better. 
Competition made America great. Competition 

makes oil well cementing service better, too. 

On your next cementing job, call in the company that 
put competition in the business and keeps it there. 


Engineered answers to 
oil well cementing 







makes it 


























BJ SERVICE, INC. 













COOL | 


ON OPERATING TEMPERATURE 
ANS HIGH EFFICIENCY! 








3. 


FIELD TESTS HAVE 
PROVEN 
THAT LUFKIN RUNS 
COOLER THAN ANY 
HYDRAULIC UNIT ON 
THE MARKET TODAY 
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FULLY AUTOMATIC COUN- 
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FOUNDRY & MACHINE COMPANY 
LUFKIN, TEXAS 
service: Houston @ Dallas @ New York @ Tulsa @ Los Angeles ® Seminole © Oklahoma City © Corpus Christi ¢ Odessa 


Kilgore @ Wichita Falls © Casper, Wyoming @ Great Bend, Kansas @ Effingham, Illinois © Duncan, Oklahoma 
Brookhaven, Mississippi @ E!] Dorado, Arkansas 





handled by THE LUFKIN MACHINE CO. LTD., 14321 108th Avenue. EDMONTON, ALBERTA, CANADA 
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MOVEMENT OF CASING * 


*The highest percentage of suc- 
cessful cement jobs result from 
. . . mud removal and preven- 
tion of channelling by . 
movement of the casing, from 
the time casing reaches bottom 
until the plug “bumps.” 


Be“W luce. 


Well Completion Specialists 
WEST COAST 
Box 3751 
Los Angeles 54, Calif 
Phone DA-4-1106 


GULF COAST 
Box 5266 
Houston 12, Texas 
Phone WA-3-6603 








JULY, 1955 





MEET 


the AUTHORS 
















A picture and biographical sketch 
of LEENDERT DE WITTE were pub- 
lished in the April, 1955, issue of 
JOURNAL OF PETROLEUM TECH- 
NOLOGY. 





K. S. KUNZ is a research physicist 
on the staff of the Research Labora- 
tory of Schlumberger Well Survey- 
ing Corp., Ridgefield, Conn. After re- 
ceiving his PhD degree in physics 
from the University of Cincinnati, he 
taught there and at Harvard Univer- 


sity until 1949. Then he was asso- 


PENN STATE FELLOWSHIP 

The closing date for one of the 
Pennsylvania State University fellow- 
ships has been changed to Aug. 15, 
1955. Established by Gulf Research 
and Development Co., the stipend is 
$2,000 per academic year plus pay- 
ment of tuition and fees. The fellow 
will be a candidate for the doctor’s 
degree in petroleum and natural gas 
engineering. 

Applications should be addressed 
to John C. Calhoun, College of Min- 
eral Industries, University Park, Pa. 
Material sent should include: name, 
age, citizenship, marital status, com- 
plete record of training including 
transcripts, three letters of recom- 
mendation, and a statement of ex- 
tracurricular activities and industrial 
experience. 


Necrology 


Earl J. Robishaw, 44, vice-president of A-1 
Bit and Tool Co. died in Houston on June 4. 
He was born in Saratoga, Tex., married, and 


the father of two children. After graduation 
from Texas A&M he worked for The Texas 
Co. and had been with A-1 for 18 years. 
Date 


Date of Death 
Unknown 
Feb., 1955 

April 22, 1955 

March 8, 1955 


Elected Name 
1952 Allen, G. E. 
1948 Bartram, John G. 
1930 Caster, Ermil Leslie 
1943 Herring, Lafayette 











ciate professor of electrical enginee 
ing at Case University until joining 
the staff of Schlumberger in 195! 





MAURICE PIERRE TIXIER is chie! 
development engineer at the Housto1 
headquarters of Schlumberger Wel! 
Surveying Corp. He is a graduate o! 
Ecole d’Arts et Metiers d’Erquelinnes 
(Belgium) in 1932 and Ecole Supe: 
ieure d’ Electricite, 1933. He starte: 
to work for Schlumberger in 193: 
From 1941 io 1949 he was manage! 
of the Rocky Mountain area, the: 
was appointed chief engineer of the 
company. In 1952 he assumed hi 
present position. 


San Joaquin, New York 
Sections Choose Officers 

New officers to serve from June 
1955, to June, 1956, have been 
elected by the San Joaquin Valley 
Section. W. J. Taylor, Lane Wells 
Co., is the chairman. Other office: 
are: R. H. Adams, Standard Oil Co 
of California, vice-chairman; H. | 
Case, Core Laboratories, Inc., secre 
tary; W. B. Emery II, Ohio Oil Co 
treasurer; and K. R. Evans, petro 
leum consultant, membership. 

The New York Petroleum Section 
almost one year old, has elected offi 
cers for 1955-56. Dale Nix of Ara 
bian American Oil Co. was selected 
as president, and E. M. Connaugh 
ton, Socony Mobil Oil Co., as secre 
tary-treasurer. Chosen for the Sex 
tion Executive Committee were: Bob 
T. H. Hulsey, Chase Manhattar 
Bank; Zeb Mayhew, Standard Oil 
Co. of New Jersey; H. E. McAuliffe, 
Jr., Socony Mobil Oil Co.; and Ear 
M. Rees, Byron Jackson Co. 

Building Decision Delayed 

The AIME Board of Directors has 
agreed to a proposal that a furthe: 
study be made of the best location 
for a new engineering building, the 
Pittsburgh offer meanwhile being 
held in abeyance. A full report wil! 
appear in the August issue. 
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C. E. Retstie, Jr., (left) AIME 
president-elect, has been elected vice- 
president of Humble Oil & Refining 
Co. RaLpu J. ScHiL_tTHuts has been 
nominated for the Humble board of 
directors. Reistle joined Humble in 
1936 as assistant chief petroleum en- 
gineer, having worked prior to that 
time as chairman of the East Texas 
Engineering Association. He became 
chief engineer in 1940, manager of 
the Production Dept. in 1945, and a 
director of the company in 1948. 
Schilthuis has had 25 years’ service 
with Humble and was made an 
assistant manager of the Production 
Dept. last year. The superintendent 
of Humble’s gas division served as 
assistant head of the production divi- 
sion of the Petroleum Administration 
for War from 1941 to 1945. 


w 


RAYMOND V. Cruce has joined 
the firm of Robert W. Harrison & 
Co., consulting petroleum and geol- 
ogists of Houston. He resigned as 
chief of the reserves group, Houston 
Div., of the Gulf Oil Corp., to ac- 
cept this position. 


Ww 


C. ARLIss WATTs has resigned his 
engineering position with A. O. Phil- 
lips, independent oil operator, to 
enter the petroleum consulting field 
in Corpus Christi, Tex. Watts, a pe- 
troleum engineering graduate from 
the University of Oklahoma, was 
associated with Phillips for two years 
and prior to that was with Shell Oil 
Co. for six years. 


w 


FreD L. HOIPKEMEIER is now pro- 
duction engineer for Texkan Oil Co. 
of Dallas. He formerly was junior 
petroleum engineer for Stanolind Oil 
& Gas Co. in Wink, Tex. For a year 
and one-half following graduation in 
1948 from the University of Okla- 
homa, he was with Halliburton Oil 
Well Cementing Co. Then he joined 
Stanolind and has been with them 
until this recent change. 


46 


WayYNE L. McCANN and R. Lee 
Rogers, Jr., of Shreveport have asso- 
ciated as partners in a petroleum con- 
sulting firm. Offices of McCann and 
Rogers are located in the Petroleum 
Building. McCann, a registered petro- 
leum engineer, has been a consultant 
since 1953, formerly having served 
as district engineer for Stanolind in 
Shreveport. Rogers, a geology grad- 
uate, was formerly with Stanolind 
and is now resigning as district geol- 
ogist for the Murphy Corp. to form 
the partnership with McCann. 


HARRY DERNICK is vice-president 
of the newly-formed Production 
Management Inc., Denver. The firm 
will offer complete property manage- 
ment and engineering services for 
natural gas and oil producing prop- 
erties in the Rocky Mountain area, 
Denver-Julesburg, and Canada. Der- 
nick was formerly district engineer, 
chief primary engineer, and later as- 
sistant chief engineer in charge of oil 
and gas engineering and evaluation 
for Deep Rock Oil Corp. The Uni- 
versity of Oklahoma petroleum engi- 
neering graduate has also worked for 
Republic Natural Gas Co. and Con- 
roe Drilling Co. 


WILLIAM R. Waac has accepted 
the position of petroleum engineer 
with The First National City Bank 
of New York. Prior to making this 
change, he was a senior engineer 
with Sohio Petroleum Co., in Okla- 
homa City. Before that, he was asso- 
ciated with Plymouth Oil Co., Sin- 
ton, Tex. He is a petroleum and nat- 
ural gas engineering graduate of 
Pennsylvania State University. 


JOURNAL OF 


Buck J. MILLER opened an office 
in Wichita Falls on July | as a con- 
sulting petroleum and geological en- 
received his BS degree 
A&M in 1941 

The Texas Co. He 
this until 


gineer. He 


from Texas and was 
first employed by 
continued with 


1952, 


company 
his service being interrupted 
by a four year tour of duty in the 
U.S. Army Corps of Engineers. Then 
he resigned the position of district 
engineer of the Texas Co. in Wichita 
Falls area to join the staff of Russell 
Maguire, Oil Producer, as geological 
engineer, the position he held until 
opening his consulting office. He is 
currently serving as program com- 
mitteeman for the North Texas Local 


Section 


WILLIAM H 
and KENNETH DAVISON, vice presi- 


DAVISON is president 


dent of the recently-formed Tekoil 
Corp. of Robinson, Ill. The company 
is the successor of Davison Co., and 
is a petroleum engineering and pro- 
ducing firm specializing in secondary 
ROBERT L. SHICK, 
water flooding 


recovery of oil. 
former engineer of 
for the Sohio 


the Tekoil Engineering Dept. Com- 


Petroleum Co., heads 


mon stock in the company was re- 


cently offered for sale 


EarL J. Davis has moved to the 
new sales office of Dowell Incorpo- 
The dis- 
trict area manager is a University of 
Oklahoma graduate and has been 
with Dowell since 1948. He has been 
area Salem, IIl., 
Nov., that he was 
a service engineer in Kansas and for 


rated located at Carmi, Ill. 


manager at since 


1953. Prior to 


two years was sales engineer in the 


company’s general offices at Tulsa. 
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Baroid’s Yaw = baer 


most economical chemical thinner 


Baroid’s MAN-TAN, field tested for over four years 
giving more mud thinning per dollar than any ot! 
tannin thinner now offered. MAN-TAN costs less th 
quebracho, mixes easily, and works efficiently. 


Use MAN-TAN to reduce viscosity, gel strength, 
filtration. 


MAN-TAN CUTS MUD COSTS 
IN ALL AREAS 


Houma, Louisiana: Average of 20% reduction in 
costs on seven wells using MAN-TAN. (Ratio: 2:1 MAn-1 
— caustic soda.) 


Oregon Basin, North Central Wyoming: MAN-TAN suc« 
fully used in same 2:1 ratio, replacing more expens 
thinners. 


Daggett County, Utah: Another success case, using Ma 
TAN in 2:1 ratio with caustic. 


Iberia Parish, Louisiana: MAN-TAN, a successful thinn« 
14.400-ft. well, with 43% savings in mud and chemical « 


Similar successful use of MAN-TAN is reported from si 
widely separated areas as Wyoming, West Texas, N« 
Louisiana, Mississippi, North Texas, and New Mex 
Specify MAN-TAN now wherever a tannin chemical m 
thinner is needed. Write 

today for new bulletin 

giving complete tech- 

nical details. 





BAROID B. ©, Box 3675, Houston 1, Texas 





Please send me the latest technical fiterature on Man-Tan. 
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BAROID DIVISION * NATIONAL LEAD CO. 
Main Office: P. O. Box 1675, Houston 1, Texas 





EMPLOYMENT 


NOTIC 





The JOURNAL will post notices of 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
Address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bidg., Dallas |. These replies will be 
forwarded unopened and no fees are 
involved. 


PERSONNEL AVAILABLE 


yy Petroleum Engineer, 27, desires 
position with independent or small 
company. Three years’ experience in 
drilling, completion work, testing, 
workovers, and general production 
work with major company. Code 251. 


yy Petroleum Engineer, 33, with five 
years’ experience in production and 
reservoir engineering seeks position 
with independent in Southwest area. 
Now employed by major company, 
married, one child. Code 252. 


yy Reservoir Evaluation Engineer. 
36, desires position with independ- 
ent, evaluation firm, or bank. BS de- 
gree in petroleum engineering. Seven 
years’ experience in office work; two 
years’ in field work. Now employed 
as reservoir evaluation engineer for 
major company. Single. Code 253. 


yy Petroleum and Geological En- 
gineer desires a change in positions. 
Recent graduate with summer ex- 
perience in oilfield work during 
school vacation. Now engaged in 
waterflooding work. Married. Code 
254. 


yy Reservoir Engineer, 31, married, 
two years’ general production and 
field experience, four years’ reservoir 
engineering experience — principally 
flooding. Master’s degree. Desires 
more varied oil industry experience 
with major or substantial independ- 
ent. Present position supervisory res- 
ervoir engineer with $8,500 salary. 
Code 255. 


yy Petroleum Engineer with six 
years’ intensive experience in Arkan- 
sas, Louisiana, and Texas, desires po- 
sition with opportunity for advance- 
ment. Graduate of 1949, married, 
two children. Now employed, and re- 
sponsible for drilling, workovers, pro- 
duction, and waterflood project for 
independent. Code 256. 


in 


yy Petroleum Engineer, 26, complet- 
ing military service obligation soon. 
Two years’ experience in supervision 
of drilling, completion, workovers, 
and general production engineering. 
Desires position with small company. 
Now stationed in Houston. Married, 
one child. Code 248. 


yy Graduate Petroleum Engineer, age 
32, married. Ten years’ extensive ex- 
perience in rotary and cable tool 
drilling, primary and secondary re- 
covery production techniques, and 
administrative work for major and 
independent firms. Desires a respon- 
sible position anywhere in Continen- 
tal North America with an aggressive 
organization. All offers acknowl- 
edged. Code 257. 


jy Registered Chemical Engineer, 43, 
married, two children. Ten years in 
drilling mud and fluid flow research. 
Background of physical metallurgy 
and physical and non-destructive test- 
ing and inspection. Looking for an 
opportunity to combine oilfield, re- 
search, and metallurgical experience 
West Coast preferred. Now em- 
ployed. Code 258. 


sj Experienced waterflood engineer 
capable of evaluating, developing, and 
managing flood properties desires po- 
sition with aggressive independent. 
Has Oklahoma professional engineer 
registration. Code 259. 


yy Petroleum Engineer with five 
years’ experience as construction and 
production engineer seeks position 
with small company, independent, or 
service company. Now employed by 
major company. Will locate any- 
where, 29, married, veteran, two chil- 
dren. Code 260. 


yy Reservoir Engineer and Logging 
Expert, 35, married, with seven 
years’ experience in field engineering 
and all phases of reservoir engineer- 
ing with one major company. Cur- 
rently employed as reservoir engineer 
in a key position. Desires responsible 
staff position with opportunity for 
advancement. Code 261. 


POSITIONS OPEN 


yy Young man as full-time or part- 
time laboratory services supervisor. 
High school education with one or 
two years of college and business ex- 
perience. Opportunity to take college 


courses. Basic salary—$242 per 
month. Write: Chairman, Dept. of 
Petroleum Engineering, The Univer- 
sity of Texas, Austin. 


JOURNAL OF 





PETROLEUM 
ENGINEER 

Have an opening for a petro- 
leum engineer for patent liaison 
work, preferably with field expe- 
rience. The work involves evalua- 
tion of ideas and data, accurately 
describing and delineating inven- 
tions, advising patent attorneys on 
technical questions, and collub- 
Orating with attorneys and inven- 
tors in the preparation of patent 
applications. The position, at a 
large integrated petrolcum re- 
search laboratory, affords contact 
with various aspects of drilling 

and production. Code 582. 











s Research mathematician or theo- 
retical physicist. Major oil company 
research laboratory has opening for 
PhD or MS in the field of reservoir 
engineering research. Previous expe- 
rience in applied mathematical re- 
search desirable but not necessary 
Excellent working environment with 
opportunities for advancement. Re- 
plies confidential. Send detailed edu- 
experience record, age, 
and state salary expected. Code 590. 


cation and 





Production Research 
A decision to expand markedly 
drilling and production research 
activities at 
THE RESEARCH CENTER 
OF THE GULF OIll 
CORPORATION 
creates excellent opportunities for 
B.S. THROUGH Ph.D. GRAD- 
UATES IN 
e PHYSICS 
e CHEMICAL ENGINEERING 
e APPLIED MATHEMATICS 
e PETROLEUM 
ENGINEERING 
PHYSICAL CHEMISTRY 
MECHANICAL 
ENGINEERING 
Experience in the problems of pro- 
research or field opera- 
tions while desirable is not essen- 
tial. 
e@ Liberal publication policy. 
e Rural location 15 miles N.E. of 
Pittsburgh 
e Salary open 
Write to 
Gulf Research & Development 
Company 
P. O. Drawer 2038 
Pittsburgh 30, Pennsylvania 
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Shearman New Secretary 
of AIME Metals Branch 


The new man behind the work- 
laden desk of the Metals Branch sec 
retary is Robert William Shearman 
He thus assumes the role left vacant 
by the promotion of Ernest O. Kirk 
endall to secretary of the Institute 

The son of mining engineer, Shea: 
man is a 1937 graduate in chemistry 
from Princeton University. Graduate 
courses at Polytechnic Institute of 
Brooklyn, Pennsylvania State Univer 
sity Extension, Harvard University 
Columbia University, and New York 
Institute of Finance filled in addi- 
tional background in economics, met 
allurgy, and chemistry. 

Following two years with Pitts- 
burgh Plate Glass Co., he was em- 
ployed by Bethlehem Steel Co. as a 
metallurgical observer, working 
the open hearth and electric furnace 
shops. From 1946 to 1951 Shearman 
was with Union Carbide and Carbon 
Corp. 

In 1951 he was recalled to the 
U. S. Air Force, but returned t 
Union Carbide in 1953 to become 
supervisor and later assistant division 
manager of the General Activities 
Div. of the General Publicity Dept 

Before joining the AIME $sstafl 
Shearman was with Opinion Builders 
Inc., a New York City public rela- 
tions firm, where he specialized in 
technical publicity. 

A number of technical and non 
technical articles over his byline have 
appeared in newspapers, magazines 
and journals. Married in 1954 to the 
former Dorothy French Dodge of 
Mountain Lakes, N. J., Shearman 
makes his home at 2 Stuyvesant Oval 
New York City. 
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A 30” x 1242’, 1200 psi LTX with Glycol 
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A STUDY of ELECTRIC LOG INTERPRETATION METHODS 
in SHALY FORMATIONS 


LEENDERT DE WITTE" 


CONTINENTAL OIL CO. 
PONCA CITY, OKLA. 


T. P. 4076 


ABSTRACT 


A review is given of the principles on which recently 
proposed methods of electric log interpretation in shaly 
sands are based and of the evidence brought up in sup- 
port of the theoretical derivations. It is pointed out that 
the qualitative techniques suggested to date have a ten- 
dency to be too pessimistic in the prediction of the pres- 
ence of commercial hydrocarbon accumulations. 

In the quantitative treatment, a new concept is intro- 
duced, namely that of strongly reduced activity of the 
double layer counter ions which are present near the 
negatively charged rock surfaces. This lemma when 
applied to the calculation of the equilibrium concentra- 
tions of interstitial waters yields a set of very simple 
relations. The resulting expressions for electrochemical 
potentials across rock samples appear in satisfactory 
agreement with laboratory experiments. The formulae 
obtained for the electrical conductivity of shaly forma- 
tions are of the same form as those arrived at empiri- 
cally by previous workers. Combination of tne expres- 
sions for potentials and conductivities gives a direct 
proof of the Tixier relation which states that for shaly 
water sands the product of apparent formation water 
resistivity and apparent formation factor equals the re- 
sistivity of the sand 100 per cent saturated with forma- 
tion water and which was verified by the work of Wyllie 
and Perkins and their co-workers. 

The relations for the resistivities and spontaneous po- 


*Author is now a petroleum consultant at Laguna Beach, Calif. 

Paper presented at Petroleum Branch Fall Meeting in San An- 
tonio, Oct. 17-20, 1954. Revised manuscript received in Petroleum 
Branch office on May 23, 1945. 

Discussion of this and all following technica! papers is invited. 
Discussion in writing (3 copies) may be sent to the offices of the 
Journal of Petroleum Technology. Any discussion offered after Dec 
$31, 1955, should be in the form of a new pape: 
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tentials have been extended to the case of hydrocarbon 
bearing shaly formations, thus laying a formal basis fo: 
the quantitative interpretation of electric logs in shal) 
oil sands. 


INTRODUCTION 


The presence of disseminated clays in porous rocks 
saturated with electrolytic solutions has a strong influ 
ence on the transference of ions taking place under elec- 
trical or chemical potential gradients. Both the electro- 
chemical emf’s in evidence on the SP curves of electric 
logs and the electrical conductivity measured on resis- 
tivity logs are directly dependent on the ionic transfer 
ence in the interstitial waters of the formations traversed 
by boreholes. 

A large number of researches have been carried out 
on the nature and magnitude of the effects of clays on 
ionic transference. The most recent of these have been 
described in papers by McCardell and Winsauer,’ 
Wyllie and Southwick,* Poupon, Loy, and Tixier,’ and by 
Perkins et al.” 

Most of these authors consider the effects of the clays 
as due to the fixed negative charges on the clay lattice 
These charges cause the formation of diffuse surface 
layers with a high concentration of positive ions. The 
internal solution of the shaly reservoir rock has there- 
fore a different ionic composition and concentration than 
the electrolyte with which it is in equilibrium (connate 
water produced from the formation or mud filtrate by 
which the formation is invaded). To calculate the equi- 
librium concentration of the internal solution, use is 
made of the Donnan’ relation, which states that the 
mean ionic activities of the internal solution and of the 
external electrolyte must be equal. From this and the 


‘References given at end of paper. 





fact that the internal solution must be electrically neu- 
tral (the total number of positive charges must equul 
the total number of negative charges), relations are de- 
rived for the internal concentrations which for the case 
of NaCl solutions take the form: 


Me, == My Mp jot 1/2(my + 44x / ax)! 


1/2(m,, 


where m., and my, are the chlorine and sodium con- 
centrations in gram equivalents per 1,000 gm of solvent, 
m,, is the concentration of the fixed negative charges, 
ays is the mean ionic activity and y, x is the mean activ- 
ity coefficient in the internal solution. 

If a liquid junction is established within the reservoir 
rock between two solutions of different concentrations, 
an electrochemical emf will be formed across this junc- 
tion. Treating the emf across an ion exchange mem- 
brane as the combination of two phase boundary poten- 
tials (at the boundaries between the external and inter- 
nal solutions) and a diffusion potential between the two 
internal solutions, while assuming all activity coefficients 
to be equal to unity, Meyer and Sievers’ and Teorell’ 
derived a quantitative expression for the total electro- 
motive force. This expression is commonly referred to 
as the Meyer-Sievers equation and is of the form: 


E= RT C In 20m): t ited at 
(C-1)m, 


My, = My, = Mp4 4@,,/y¥,: )' 


F 


2(ms,), 
1/2 Ins? cade | where C = lh. rs). 2) 

(mx); (my)> u/v +1 
u/v = mobility ratio of positive and negative ions in 
the internal solution, R = gas constant, F Faraday. 
= temperature (°K). 

The conductivity of a shaly reservoir rock will be 
equal to a constant (the inverse of the formation resis- 
tivity factor) times the conductivity of the internal solu- 
tion. The latter is given by: 

A = 96.5 (ny u ny v) mhos/cm . . (3) 
where mn, and nx are the concentrations of positive and 
negative ions in the internal solution, expressed in gram 
equivalents per liter of solution. 


QUALITATIVE INTERPRETATION 


Kelations equivalent to Equations 2 and 3 form the 
basis for derivations by Perkins et al* leading to a quali- 
tative method of electric log interpretation in shaly 
sands. This method expresses the log interpretation prob- 
lem in shaly sands in terms of the parameters used in 
the analysis of clean formations. For clean water sands 
the following relations hold with reasonable accuracy: 


RI , Rue 
-(1 a )ln . 


(SP), = 
F ut+yv | 


mf 


R 
(= 70 log = at 77° F) 


w 


R 
DS cher ers. «Ya woe 8. .a a(S) 
and F = 
where (SP), is the static SP, R,,, and R, are the re- 
sistivities of the mud filtrate and the formation water 
respectively, F is the formation (resistivity) factor and 
R, is the resistivity of the mud filtrate invaded zone. 
In shaly sands, the static SP is reduced by the pres- 
ence of disseminated clays, and if we apply Equation 4 
regardless of this fact, we obtain an apparent water re- 
sistivity (R,), which is larger than the actual water 
resistivity. The clay effect will also tend to reduce the 
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magnitude of R,; and if we apply Equation 5 to a shaly 
sand, we obtain an apparent formation factor, F,, which 
is smaller than PF. 

Tixier has suggested that it is reasonable to assume 
that F,(R,.), FR, R : (6) 
where R, is the resistivity of the formation, 100 per cent 
saturated with water of resistivity R,. Poupon, Loy, and 
Tixier’ present evidence of field measurements in sup- 
port of this rule. In the paper by Perkins et al’ deriva- 
tions are given which, by manipulation of relations 
equivalent to Equations 2 and 3 and by dropping a num- 
ber of the smaller terms, end up with an expression for 
the SP in shaly sands of the form 


R 
(SP). 70 log cs gi ie 
ie 


R,, 
70 log = 


which since R, F, R,,, and (SP) 

iXw 
is equivalent to Equation 6. In addition the paper pre- 
sents experimental evidence of the fact that Equation 6 
holds true with sufficient accuracy for shaly water satu- 
rated core samples. 

Wyllie and Southwick’ present a number of measure- 
ments on both natural and artificially prepared shaly 
samples, to support the validity of Equation 6a for the 
case of 100 per cent water saturation 

For purposes of qualitative interpretation of logs in 
shaly sands it is suggested that the value of R, com- 
puted in the above fashion be compared with the true 
formation resistivity, R,. If R, is appreciably larger than 
the computed R.,, the sand is oil or gas bearing; while if 
R, is close to R,, the formation contains mostly water. 

It must be remembered, however, that all experi- 
mental evidence presented in support of Equation 6 is 
based on studies of water saturated samples. 

If we apply Equation 6 to an oil bearing horizon, 
two new factors will simultaneously occur. First of all 
in an oil bearing shaly sand, the value of m, will be 
increased (since the amount of water in the pore space 
is decreased, the concentration of the fixed charges in 
the interstitial water will be larger). The value of the 
static SP will be lower than when the same formation 
had been water bearing. Accordingly the value of (R,.) 
will be larger than in the case of a water sand. Secondly, 
the invaded zone will contain a certain amount of resi- 
dual oil which will cause R, to be higher and F, to be 
correspondingly larger than the F, one would have 
found were the invaded zone completely saturated with 
mud filtrate. The effects of this second factor were 
pointed out by Wyllie and Southwick. 

If we now apply Equation 6, we find that both (R,.) 
and F, are too large and therefore the computed R, will 
be an apparent R, much larger than the resistivity of the 
formation 100 per cent saturated with water of resis- 
tivity R,. 

The apparent R, may have a value quite close to that 
of R, and the sand will be interpreted as containing 
mostly water. The suggested interpretation method will, 
therefore in general, give results which are too pessi- 
mistic and may lead to the by-passing of commercial 
accumulations of oil. 


SCHLUMBERGER METHOD OF QUANTITATIVE 
ANALYSIS 


To avoid the hazards involved in the qualitative inter- 
pretation, Poupon, Loy, and Tixier developed extensions 
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of Equation 6 to apply to partially oil or gas saturated 
sands. These equations are based on earlier work by 
Doll’ on systems containing laminated clays and by 
de Witte” on resistivities of reservoir rocks containing 
dispersed clays. The new relations for formations with 
disseminated clays take the form: 


we kg uch eo Re ane ) Se eeeeieteiiie > 
Sac R, 


where S, and S,, are the fractions of total void space 
occupied by the conductive mixture of clays and water 
in the undisturbed formation and the invaded zone re- 
spectively. A somewhat similar equation is derived for 
the case of sands with laminated clay layers. 


Bearing in mind the Archie relation for clean sands 
(2 ™) ie: 
vw > R.” a comparison of Equations 6 and 7 shows 
t 


that Equation 7 introduces a correction for residual oil 
present in the invaded zone and possibly a simultaneous 
adjustment for the effects of oil saturation on the SP 
deflection. 

The equations for laminated shaly sands have been 
combined into an interpretation nomograph' which 
requires knowledge of the connate water resistivity R,., 
along with the measured values of R,.., R,, and the SP 
deflection in order to determine the water saturation of 
a shaly sand. This additional requirement for the quan- 
titative interpretation of shaly sands should be expected 
if we consider the facts that the inherent resolution of 
electric logs in shaly sands is smaller than in clean sands 
and that an additional unknown, namely the degree of 
shaliness of the sands, has to be taken into account. 

Historically the Schlumberger method is of interest in 
that it combines the factors evolved from electrochemi- 
cal considerations which yielded Equation 6 with the re- 
sult of earlier physical model representations of the 
electrical behavior in shaly sands. 

In the following an attempt will be made to compare 
this method with conclusions drawn from purely electro- 
chemical derivations for the interpretation of oil bearing 
shaly sands. 


ELECTROCHEMICAL RELATIONS IN SHALY 
FORMATIONS 


SPONTANEOUS POTENTIALS 

Instead of analyzing the shale membrane potentials 
in terms of the sum of phase boundary and diffusion 
potentials, one can simply consider the energy changes 
involved in the transference of ions through the mem- 
brane due to the chemical potential gradient and equate 
these to the equilibrium emf. This approach used by 
Scatchard” leads to the equation: 


E=-jsXt dina, . <a eT Ae 


a 
where the transference number /, is the number of moles 
of species i transferred in the direction of positive cur- 
rent for 1 Faraday passing through the system (this 
definition permits the use of transference numbers of 
neutral species, e. g. water). The term a, is the activity 
of species i. Terms @ and » are the compositions of the 
solutions at each end of the system. 
For the case of a solution of monovalent ions, we 

have: 

Stdlna = 

t,dina, + tz dinax + ty dina, - 

dina, + txdina,ax +t.~dina, . (9) 
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(since fy tx = 1); t. denotes the transference num 
ber of the water. 

Using Onsager’s reciprocal relations, Staverman 
showed that in calculating membrane potentials by equa 
tions of the form of Equation 8, we can omit the term 
for solvent transference, if we use the uncorrected Hit- 
torf transference numbers (fx) and (f,), instead of ¢, 
and f,. This means that if in Equation 8 we express al! 
transference numbers with respect to the solvent (which 
makes ft, = 0), we are correctly taking into account the 
efiect of solvent transference on the membrane poten 
tials. The uncorrected Hittorf transference numbers may 
be interpreted as the portions of total current carried by 
each species i. Equation 9 may now be written as: 

>: (ta d iIn.a, = din ay + (tz)y din ay ax 

d Ina, + (tx)y din a2. Po eas et C40) 
Upon substitution of Equation 10 in Equation 8 the 
term d In a, integrates to In (ay). In (ay).. This is 
equal to the potential obtained across a perfect shale 


a 


membrane, so that f (tx), d In a. represents the SP 


kick of a shaly sand measured with respect to the base 
line of a dense argillaceous shale. When measuring po- 
tentials across a core sample in the laboratory, we have 
to take both terms into account. 

If by convention we take both the mobilities and the 
transference numbers of the anions as negative, we can 
write: 


(Ux) a Mx 
(uy) ms — (Ux) x Mx 
Furthermore the electrical neutrality of the internal 
solution requires that m, = mx + my 
Using the above expressions, Equation 10 gives: 
Xi (ti))adina, = dina, 4 

(Ux) 4 Mx 
(us) Me + (Cua) — (Ux) nlx aps 
and the potential is given by: 


(<:) 
i — py 
E= fdinm + £ pe 


My + i “(®) mx 
Us Ju 


where according to Equation 1: mx = 
1/2 (my + 4 axx/Y'ax) 1/2 


(tx)un = 


9 
AX 


d In a’yx (11) 
mMR/2 7 


Equations 8 through 11 are all given in units of 
Expressed in millivolts Equation 11 becomes (for 25° ( 
or T=298°K) 

E = 59.1 § dloga, + 


=) mx 
. Us Ju 
118.2 f ——_— 

1 


; ~ [us 
My + -{—— my, 
Ua ju 


It can be shown that Equation 12, with mx given by 
Equation 1, is basicall; the same as the Meyers-Sievers 
equation except that the effects of the solvent trans- 
ference have been taken into account. 


The Meyer-Sievers equation is usually evaluated 


Cts... « C2) 


1 le : : 
assuming——-to be the same as in free solutions and 
Us 


taking y,x equal to unity. A slight refinement can be 
made by taking both the mobility ratio and the mean 
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activity coefficient for the internal solution as equal to 
those for free solutions of the same average concentra- 
tion. Fig. 1 shows a plot of emf’s calculated from Equa- 
tion 12 using these latter assumptions for constant ratio 
of » over a (w = 4a) and various values of my. The 
calculated emf’s are plotted against 1/a. We notice 
that these curves predict that for dilute solutions (a 
< 0.01) the membranes behave very nearly as perfect 
cation exchangers even for very small values of my. 

Fig. 2 shows a similar plot obtained by laboratory 
measurements On a series of core samples ranging 
from dense black shale to very nearly clean sands. 
Comparison with Fig. | shows appreciable discrepancies 
between the experimental emf’s and their theoretically 
predicted values, especially for the more dilute solu- 
tions. The experimental family of curves shows a 
good internal consistency suggesting some conceptional 
inaccuracy in the theory rather than experimental errors 
as the cause of the discrepancies. The data represented 
in Fig. 3 of the paper by Wyilie and Southwick* show 
the same shortcomings of the Meyer-Sievers equations 
as applied to dirty sands. 

It is natural to expect that the weak points of the 
theoretical predictions lie in the assumptions made 


an ., [ux ve 
regarding the mobility ratio’ | | and the activity co- 
Ur) x 


efficient, y,x, in the internal solution. The former have 
a marked influence on the values of the computed emf’s 
for concentrated solutions, as was shown in the original 
work by Meyer and Sievers. As observed by these 
authors, factors such as pore size distribution of the 
membranes may cause the apparent mobility ratio in 
the membrane to differ from that in free solutions. 
By adjustment of the assumed mobility ratio, it is easy 
to bring the computed emf’s for the concentrated solu- 
tions in agreement with the experimentally observed 
values. 

For dilute solutions, however, the effect of variations 
in mobility ratio on the emf’s becomes very small and 
quite insufficient to explain the discrepancies between 
the curves of Figs. 1 and 2. 

The theoretical curves shown in Fig. 1 and the 
Meyer-Sievers relations both are based on values for 
the concentration of the internal solution given by 
Equation 1. It appears to be in order to critically re- 


actiwity Ratio FQ 4 
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Fic. | — MEMBRANE POTENTIALS CALCULATED FROM 
EQUATION 12. (WITH ACTIVITIES OF INTERNAL SOLUTION 
EQUAL TO THOSE OF FREE SOLUTIONS OF SAME 
CONCENTRATION ) 


AcTiWITY Rano y 4a 
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Fic. 2 — MEASURED POTENTIALS ACROSS VARIETY OF 
CoRE SAMPLES. 


examine the origin of this equation. As stated before 
Equation | is derived using the condition of electrical 
neutrality and the Donnan equilibrium relation. The 
derivations in the original work by Donnan" were made 
for the case of ideal solutes and a completely homo- 
geneous dispersion of the fixed charges (non-mobile 
ions) in the electrolytic solution. The corresponding 
equilibrium relation is given in terms of concentra- 
tions and for NaCl solutions would take the form 
Nine * Mo, = mx m’, This leads directly to the 
expressions in Equation | for the case of yax l 
and to the corresponding form of the Meyer-Sievers 
equations. McCardell et al’ showed that the Meyer- 
Sievers relation may also be derived from the Boltz- 
mann distribution function, again using the assump- 
tion of homogeneous dispersion of the fixed charges 
and ideal behavior of the solutes. 

As a first correction for the non-ideal behavior 
of the ions, activities are substituted tor concentrations. 
This correction attempts to take into account the ef- 
fects of ionic interaction and the resulting decrease 
of the degree of randomness in the ionic distribution. 
Each positive ion is surrounded by a slightly larger 
number of negative ions than positive ions and vice 
versa. Each ion moves therefore in the electrical field 
of its surrounding ion cloud. and its activity is de- 
creased in proportion to the strength of this electrical 
field. The activity coefficient is used to indicate the 
extent by which the activity has decreased from that 








— (MU LIVOLTS) 


= 


mi 


Fic. 3 —— POTENTIALS CALCULATED ASSUMING NEGLIGI- 
BLE ACTIVITY OF COUNTER-IONS (EQUATION 16). 
DASHED LINES INDICATE MEASURED VALUES OF FIG. 2. 
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of an ideal solution. In fairly concentrated solutions the 
activity coefficients may be of the order of 0.5. Consider- 
ing now the actual composition of the internal sojution 
of a shaly sand, we know that the fixed charges are 
not homogeneously distributed throughout the solution, 
but are concentrated on the surfaces of the clay par- 
ticles. The charged surfaces attract a high concentra- 
tion of positive ions as diffuse layers of counter ions. 
This arrangement has a highly marked lack of ran- 
domness and has consequently a pronounced electrical 
field. The activity coefficient of the positive counter ions 
in these electrical fields are correspondingly strongly 
reduced. 

This conclusion leads to the following formulation 
of the Donnan equilibrium for the case of shaly forma- 
tions: 

Myyx (Nsyx + Mel Yx) - OL. or 

y¥x(my +rm,my) =ay . (13) 
where r is the factor by which the activity of the 
positive double layer ions is reduced compared to the 
remainder of the ions in the internal solution. Solving 
Equation 13 for mx we obtain: 


rm, . 2 21/2 
mm, = — aT he + Y% | (rmy)* + 4ayx Yx| . (14) 


A rigorous calculation of typical values of r is be- 
yond the scope of this paper. A value of r equal to 
0.1 or smaller seems however quite plausible. It can 
further be shown that reduction factors much smaller 
than 0.1 give only slight additional effects on the cal- 
culated emf’s beyond those obtained for r = 0.1, so 
that the assumption r = 0.1 is nearly equivalent to 
omitting the terms r m, completely in the expression 
for m,. The latter step gives: 

ax 
mn, = — 
yx 
and with yx taken equal to the mean activity coeffi- 
cient in free solutions of concentration m, we find 
that mx is equal to the concentration of the external 
solution. Equation 12 therefore reduces to: 


E = 59.1 { dloga, + 


2 ur Jum a 
118.2 f oa ss OP Ase « .« - (89) 


« Ux 
m, +}]1 - oa m 
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where m is found for each value of a,x from the 
known relations between activity and molality of free 
solutions. 

The experimental emf’s of Fig. 2 for very concen- 


° . ° ‘ fu 
trated solutions indicate a change in the value of (“) 
Uy Ju 


_f us . 
due to the pore structure. A value of (- }) i FES 
Ur, Ju 


is suggested. with (=) = -—1.15, Equation 15 be- 
A i 
comes: 
rv ve A & 
E = 59.1 f dloga, — 118.2 J ws 


d log a,x 
« Mm, + 2.15m 


rere ee (16) 
Fig. 3 shows a plot of E vs 1|/a calculated from 
Equation 16 for various values of m,. The experimental 
curves of Fig. 2 are shown in this figure by dashed 
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lines. The agreement of the two families of curves 
appears quite satisfactory. 

The expression for the SP deflection measured from 
a shale base line now becomes: 


(SP), = —118.2 Pw fre 


~ey d log a 
An eM + 2.15m 


(17) 


where a, and d,,- are the mean ionic activities of the 
connate water and the mud filtrate respectively. Approx- 
imating the mean activity by the molality m, Equation 
17 can be formally integrated to: 
2 X 1.15 
2.15 

my + 2.15 my, 
My + 2.15 Mine 


my, 


(SP), = —59.1 | 


log (m, + 2.15m) 
Mays 


or (SP), = —63.3 log (18) 


my, + 


; : ‘ ‘ u 
If we do not wish to assign a specific value 1o( ‘) 
A HW 
or if we want to take its variation with temperature 
into account, we can obtain directly from Equation 15 


the general expression: 
ux 
mz, + | 1-— - my, 
UnJu 


(‘") 

2huas Ju 

——— log ~ 

-(=) my + 1-2) |r 
Uns fu Uns fu 


ee eee eR ee ee (19) 
If we choose to use a mobility ratio equal to that of 


(SP), = 59.1 


, ° P . u 
free solutions, which is normally taken as ( ‘) 
Uy, Ju 
1.5, Equation 19 gives: 
; my, + 2.5 m, 
(SP), = —71 log - 
) 8 My + 2.5 Mae 


CONDUCTIVITY OF SHALY WATERSANDS 


The electrical conductivity of a 100 per cent water 
saturated rock is given by: 


1 rv 
C= = 
a 
where A is the conductivity of the internal solution and 


|1/F* is the “cell constant” of the inert rock network. 


The conductivity of the internal solution can be 
expressed as: 
A = 96.5 (ny Uy — Ny Ux) 
where nm, and nx are the concentrations of the positive 
and negative ions in gram equivalents per liter. If we 
denote the conversion factor of normality to molality 


n 
of the electrolyte by 8 so that 8B = — we have: 
m 


A = 96.5 B [us (my, + mx) — Uy my] 

or A = 96.5 B [uy myn + my (uy ux)] . (20 
For the free solution with which the internal solution 
is in equilibrium we have similarly: 

N’ = 96.5 Bm (u’, — ul) 
and with mx, = m we can write: 

A = a+ bX where a = 96.5 B uym, 
—Ux _ | — Ux/Uy Uy 


and 6 = ———— —— 
am , oom , , , 
us l ur/u’ ur 


, 
uy 


The conductivity of the rock now becomes: 


1 1 
in SE ee - h , = 
R. F (a A’) 


= (a 4 


F 





where a ard + are constants depending on the shali- 
ness and texture of the rock. 

Equation 21 is of the same form as the relations 
found earlier by Patnode and Wyllie” and by de Witte.’ 
The form of the equation is at variance with the data 
obtained by Wyllie and Southwick’ in experiments on 
samples made up of cation exchange resin material 
(IR-120) and glass spheres. This apparent disagree- 
ment warrants further elucidation. 

When experimentally testing the equations for the 
resistivity of water bearing shaly sands, the simplest 
criterion to apply is that according to Equation 21, 
a plot of 1/R, vs 1/R, must give a straight line. 


Fig. 4 shows a number of such plots obtained from 
resistivity measurements on the same type of samples 
on which the electrochemical emf’s were measured. 
The Saugus samples are so shaly that this facies of the 
formation cannot be considered as a commercial res- 
ervoir rock. The Nelly Blye is very close to a clean 
sandstone, while the Parkman and Delaware sands 
are intermediate in shaliness. In addition a plot of 
the data given in Table 2 of the paper by Wyllie and 
Southwick for the Stevens sandstone, is shown. It is 
noted that the straight line relation holds with suf- 
ficient accuracy for all these samples, down to water 
conductivities well below those encountered in prac- 
tice. For comparison the data given by Wyllie and 
Southwick for the IR-120 spheres are plotted on the 
same scale as those for the shaly sands. The strong 
deviation from linearity of this plot is readily apparent. 

Careful examination of the premises on which Equa- 
tion 21 is based, and which appear to be satisfied for 
shaly sands, yields a simple explanation for the differ- 
ing results of the IR-120 experiments. In Equation 3 
from which Equation 21 was derived it is implied that 
the clay particles are sufficiently small and randomly 
enough distributed so that their double layer conduc- 
tivity can be added directly to that of the remainder 
of the electrolyte in the pore spaces. For shaly sands 
with clay particle sizes of the order of microns: or 
smaller and very random distribution of the clays in 
the void space this condition appears to be satisfied. 
For regularly packed spheres of IR-120 with an aver- 
age diameter of around 400 microns, the condition is 
definitely not fulfilled and we actually have a well 
described geometry of two media of different conduc- 
tivities. The resultant over-all conductivity for such 
cases is usually not a linear combination of the two 
component conductivities, as is shown in the analogous 
cases of mixtures of sand grains (zero conductivity) 
and electrolyte and mixtures of oil and electrolyte. The 
former gives the nonlinear porosity-formation factor 
relation while the latter is described by the nonlinear 
Archie equation. 

In Fig. 6 of the paper by Wyllie and Southwick 
we also note that the IR-120 mixtures do not follow 
the Tixier relation, over part of the concentration 
range of practical interest while the data on the shaly 
sands shown in the same figure do obey this rule. 

It is clear therefore that observations made on the 
aggregates of relatively large spheres of cation exchange 
resin cannot be used as criteria for the relations on 
which electric log interpretation methods in shaly sands 
may be based. 

Since the conductivity of the internal solution can- 
not be measured independently and the cell constant 
F*, therefore, is difficult to evaluate, it is more prac- 
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tical to define the resistivity formation factor F as: 


F = lim R 
R>O a) 


R F 
From Equati 21 
rom Equation R == 


F = lim R I 
R>O (, ) h 


a l ai -) 
— > =; 


THE TIXIER RELATION 


The relationship between the SP defiections and 
resistities in shaly sands can be easily derived from 
tx 


Using the value of 


the foregoing equations 
Uy 


—1.15 in Equation 20 we have: 
AX = 96.5 Buy (m 2.15mx) 


and R, 


‘ | 
96.5 B u E + ism, 
Applying this expression to the invaded zone (with 
mx = My,) and the undisturbed formation (with my, 


= m,) respectively and substituting the results in 
Equation 18 we obtain: 
(SP) 63.3 log me ,.” gee “ao ee 
7 > 
Again if we choose to take the mobility ratio in the 
internal solution equa! to that in free solutions the 
constant in the above expression for the static SP 
becomes 71 instead of 63.3, which shows close agree- 
ment with Tixier relation as given by Equation 6. 
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SP IN OIL BEARING FORMATIONS 


If we replace part of the interstitial water of a 
formation by oil, while the pore surface remains water 
wet and the resulting water saturation expressed as a 
fraction of pore space is equal to S,, the concentra- 
tion of fixed negative charges in the internal solution 


is increased by a factor of 3 ; 

Similarly in the invaded zone the concentration of 
fixed charges becomes m,/S,;, where S,, is the water 
saturation in the invaded zone. We can now distinguish 
two cases, dependent on the characteristics of the boun- 
dary between the invaded zone and the formation be- 
yond this zone. 

If we consider the salt content of the connate water 
to have partly diffused back into the invaded zone, 
we have the cell: 


Riot a My/ S y 





Ras; Me/S«: | Ry; m2/S, 


For this case the SP deflection will be given by: 
mM,z/S~, + 2.15m, 
Mr/Swi + 2.15m; 

On the other hand we might consider the internal 
solution of the undisturbed formation immediately be- 
yond the invaded zone to be in equilibrium with the 
mud filtrate. This case may be represented by the cell: 


(SP), = — K, log 





Rat oe. Me/Sw; | Rs me/S. | a My/ S. 
The SP deflection for this case will be: 
M/S, + 2.15m, 
SP), = — K, log— 23 
aie Swe, + 2.iSma. 


Since m,/S, is larger than m,/S,,, salt diffusion 
through the invaded zone will be more rapid than 
in the undisturbed formation and this latter case will 


Bede, ee 
598 T = 0.21 T, where 


T is the absolute temperature (°K). 


eventually prevail. Here K, = 


RESISTIVITY OF OIL-BEARING FORMATIONS 


The effects of oil saturation on the resistivity of 
shaly rocks consists essentially of two parts. First, the 
concentration of fixed charges in the internal solution 
is increased to m,/S, which changes the conductivity 
of the remaining interstitial water to: 

A = 96.5 B us (m,/S, + 2.15m) . . (24) 


Secondly, the oil makes part of the pore space non- 
conductive and forces the current paths to become 
more tortuous. This latter effect has been treated earlier 
by de Witte” and is expressed by the relation: 





1 1 F 

R= pr + Se where F’ = 5° that we obtain: 
1 r 96.5 B uy y 
— = §2 =- y+ 2.1$m) Se. (25 
R Fw FB (m:/S~ lS5m) Sx (25) 


Applying this to the undisturbed formation and to 
the invaded zone respectively we obtain: 


1 C is 
R. = EF (m,/ Sy + 2.15m,, ) S< > . (26) 
1 ty - 
and Ro = r (m,/S,; + 2.15m,,;) no 
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where Rx, and §,, are the resistivity and the water sat 
uration of the invaded zone and C = 96.5Bu,. 
Equations 23 and 26 form the basis for the quantita 
tive interpretation of shaly oil sands and may be com- 
bined by writing: 
R. (imp/Sy + 2.15m,) hl 
Re (me/Su, + 2.15 mae) S32, 
(mp/S_, + 2.15m,) _ S. my/ Sy + 2.15 mia 
(my/S~ + 2.15 iMac) ~~ Sei “> Ma/ Sy + 2.15S01/ Sm 
Using Equation 23, we obtain after rearrangement: 
Rx, Swi 
SP), = — K, — + - 
(SP) tos R. log y. 


(27) 


mM,z/ Sy + Sim] 
+ log 


my/S~ + 2.1S mas 
To use Equation 27 it is in general necessary to know 
the connate water resistivity. With knowledge of R,, o1 
my, we can solve Equation 23 for the value of m,/S 
and subsequently evaluate S,,/S, from Equation 27. 

In the case of a wildcat well where R,, is not known 
but where the general character of the sand can be 
judged either from the log by comparison with neigh 
boring formations or from the lithological description o! 
drill cuttings, we can use the following approximations 

For relatively clean sands and saline muds 
(x «Mmr), Equation 27 reduces to: 


R,, } 
(SP), = — K, | log R + 2 log zl: (28) 


This is similar to the expression given by Poupon et al 
for formations containing disseminated clays, except for 
the somewhat different interpretation of K, and the fact 


. Ss Sse *,* 
that the ratio = replaces =~ where the quantities in 
w Zz 


the latter ratio denote the fractions of total void space 
occupied by the conductive mixture of water and clays 
For very shaly formations, and fresh mud (7m,.»m,,;) 
we obtain: 
K, | log ai + log a . (29) 
Where neither the character of the formation can be 
judged nor the value of R, is known, Equations 28 and 
29 will serve to give the limiting values of S,/S,.;. 


(SP), = 


FIELD EXAMPLE 


Fig. 5 shows a conventional electric log through an 
Oligocene sand section in South Louisiana. The zone 
analyzed is the center portion of the bed between 
11,908 ft and 11,940 ft. The following data are perti- 
nent: The hole diameter d = 6 in; R,, = .51 at 100° I 
= .22 at 216° F (formation temperature); R,,, = .13 
at 216° F: (SP), = 25 mV. From simplified departure 
curve analysis“ using the two normal curves, in conjunc- 
tion with the reading of the long lateral curve we find 
R,/Rm = 8.0; R./R.» = 6.0; Ri/R, = 1.33; R, 
1.76; and R, = 1.32. 

For the qualitative procedure using F, R,, = R., we 


have: F, = ke = 13.5. To find R,,,, we must use the 


m 


K log : “' , where K is the SP constant 


relation (SP), 


for clean sands which should equal approximately 85 at 


13 
85 log “= or K.. = .66 


wa 


216° F. This gives 25 
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ohm-m. Finally F,R,. = R, = 13.55 X .66 = .88. 
When compared with the R, value of 1.32, we obtain 
R, = 1.48 R,. This ratio looks fairly unpromising and 
it might lead to serious doubts about the value of the 
sand in question as a potential oil horizon. 

For the quantitative evaluation it can be ascertained 
from comparison with neighboring horizons (not shown 
in Fig. 5) that the sand is quite shaly, while the mud is 
not saline. Equation 29 should therefore apply with fair 


accuracy. Substituting the values of (SP), and 


Rx... 
71Ve 
R given 


above (assuming Rx, = R,) and using K, = 0.217 
79, we have: 
Swi 5. i 
25 = 79 | log 1.33 + lo -1or = 1.55 
£ £ : a 
If we assume a residual oil saturation in the invaded 
: 0.7 i. 
zone of 30 per cent, we find S, = 55 = .45. This 
means an oil saturation of 55 per cent. 
The formation in question tested 323 BOPD and no 
water on ¥% in choke through perforations at 11,908 ft 
to 11,920 ft. 


CONCLUSIONS 


Based on the concept of reduced ionic activity of the 
double layer counter ions near the negatively charged 
rock surfaces in shaly sands, a new set of electrochemi- 
cal relations has been derived. 

These relations yield simple expressions for the SP in 
shaly sands involving the concentration of fixed charges 
in the internal solution of the rock network as a general 
parameter, indicative of the degree of shaliness of the 
formation. Experimental evidence is given in support 
of the new equations. 

Expressions derived for the conductivity of water- 
bearing shaly formations agree with the empirical equa- 
tions found by earlier workers. 

Further proof has been given of the Tixier relation 
equating the product of apparent formation factor and 
apparent connate water resistivity in water sands to R.,. 
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A set of equations is derived giving a formal basis 
for the quantitative interpretation of electric logs for 
shaly oil-bearing formations 
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ABSTRACT 


A method for the interpretation of temperature curves 
recorded in gas producing wells is described. One essen- 
tial feature of the method is a simple graphical con- 
struction which conveniently reflects the amount of gas 
flowing from a given producing formation. 

This method, applied in conjunction with the Induc- 
tion Log and radioactivity logs, is valuable to determine 
the points of entry of gas and to estimate the over-all 
thickness of the producing zones and their respective 
contributions to the total production. The method in 
particular is helpful in evaluating the effect of fractur- 
ing operations. 

An outstanding result of the application of the 
method is to bring to the light the relative importance 
of sand-shale interfaces in the production of gas. 


The paper is illustrated with field examples. 


INTRODUCTION 


The electrical logging tools involving conventional 
systems are not applied in wells which do not contain 
water base mud (empty holes, or wells filled with oil 
base mud), because of the absence of electrical connec- 
tion between the electrodes and the surrounding forma- 
tions. It is, therefore, common practice in this case to use 
other methods which do not require the presence of 
a conductive fluid in the borehole: resistivity log with 
scratcher electrodes, Induction Log, radioactivity logs, 
temperature log... . 

Such conditions are encountered in some regions, as 
the San Juan Basin, N. Mex., where a technique of 
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drilling gas wells, using gas as a drilling fluid, has been 
introduced in the last two years. 

By the middle of 1953, an appropriate method for 
the logging of these wells was devised on the basis of 
field tests and of theoretical studies. It is the purpose of 
the present paper to give a description of this method 

In these wells the logging operations are performed 
during the process of gas production, so that the tem- 
peratures in the boreholes are strongly affected by the 
cooling due to the expansion of the gas. On the other 
hand, a special thermometer, with a high sensivity and 
a short time constant, has been recently made available, 
which has enabled much more detailed and accurate 
recordings of the borehole temperatures than with the 
conventional instruments. As a result of these two cir- 
cumstances, the temperature log constitutes the essential 
element of the method, in making possible the detection 
of the gas producing zones, the definition of their boun- 
daries, and the estimation of the respective contributions 
ef each separate zone to the total production. 


The method also involves the radioactivity and Induc- 
tion Logs, as auxiliary documents. These logs in the 
present instance are helpful in the determination of the 
reservoirs. However, the information they give in this 
respect is limited. This comes from the fact that, due to 
the absence of the MicroLog and/or MicroLaterolog 
and of the SP log, the estimation of formation factors 
and connate water salinities is somewhat conjectural 
Furthermore, little help is obtained from the Neutron 
log for the evaluation of porosity and of formation 
factor because the variations of gas saturation affect 
the Neutron log in a way similar to the variations of 
porosity. 

It should be said also that even an exact knowledge 
of the gas saturation of the reservoir beds would not 


lll 





permit in general a correct estimation of their possible 
productions. This is because the formations encountered 
in those wells are consolidated with low permeabilities, 
and, as a rule, are artificially treated by shooting or 
hydraulic fracturing to stimulate the production. 

In the following, the principles of the interpretation 
of the temperature logs will be explained first. Next, the 
practical applications of the temperature curves, com- 
bined with the other logs, will be discussed using actual 
field examples. Finally, an outline of the mathematical 
treatment of the problem will be given. 


PRINCIPLES OF INTERPRETATION OF 
TEMPERATURE CURVES 


Gas escaping from a high pressure producing bed into 
a dry hole undergoes a considerable cooling. This cool 
gas mixes eventually with warmer gas coming from be- 
low and produces a drop in the temperature log opposite 
a gas zone, which may attain 20° F or more* (see field 
examples). The amount of cooling is determined by 
several factors: 

1. The radial distribution of pressure in the bed, 
which in turn depends on the permeability and porosity 
of the formation and the length of time the bed has been 
producing. 

2. The thickness of the bed. 

3. The thermal conductivity of the formation. 


4. The amount of gas produced compared to the 
amount coming from below (for the case of a producing 
zone located above one or several other producing 
beds). 


DETERMINATION OF THE BOUNDARIES OF THE 
Gas PRODUCING ZONES 


Determination of the boundaries of the gas producing 
zones is based on the knowledge of the shape of the 
temperature log at the various levels of the gas-produc- 
ing zones. The shape of the curve is different according 
to whether the producing zone is the closest to the bot- 
tom of the hole or is located above. 

Fig. 1 shows the typical shapes of the temperature 
log computed in the case of two beds which are sup- 
posed to produce about the same amount of gas, the 
lower bed being the first producing zone from the bot- 
tom. The graph traced on the figure should be consid- 
ered as being somewhat schematic because several sim- 
plifying assumptions have been involved in the computa- 
tion. The geothermal gradient, in particular, has been 
neglected and it has been assumed that all the cooling 
takes place substantially at the wall of the hole. It has 
been also supposed for the computation that there was 
no vertical heat exchange: in practice therefore the 
sharp breaks indicated on the theoretical curve will not 
be observed in actual surveys but will be rather rounded 
as shown qualitatively by the dashed line. Despité those 
approximations, the essential difference in shape be- 
tween the lower and the upper bed is clearly indicated: 
at the level of the lower bed the temperature curve 
shows a plateau AB, A and B being located respectively 
at each boundary of the bed. At the level of the upper 


*In the conventional conditions of wells filled with mud, the 
temperature logs are run at a time when the gas is prevented from 
flowing by the mud column. The distribution of the temperature 
along the borehole is different in that case from that existing in 
gas producing wells. The discussion of the present paper, therefore. 
ms be extended without change to the case of wells filled with 
mud. 
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bed, a continuous decrease of temperature is observed 
from A’ opposite the bottom boundary to B’ opposite 
the top boundary. 


TEMPERATURE CURVE ABOVE A PRODUCING ZONE 


It is supposed that the thermal conductivity of the 
formation above the bed is sensibly uniform, which 
seems to be the case in general, and that there is no 
other producing zone at a short distance above. The 
corresponding theoretical derivations will be given later 
on. Results of interest for the practical interpretation of 
the temperature logs are explained below (Fig. 2)**. 


1. At the level of the producing bed, the gas under- 
goes cooling and, therefore, immediately above the bed 
it will be gaining heat from the formation; its tempera- 
ture is lower than that of the formation. But at a great 
distance above the producing bed (assuming that there 
is no other gas zone or other temperature disturbance), 
the temperature 7’ of the formations remote from the 
wall has become so much lower, in conformity with the 
geothermal gradient, that now the gas will be losing heat 
to the formations. In between, there is some point / 
which will be called the inversion point, where there is 
no heat exchange between the gas and the formation. 
There, obviously, the temperature T of the gas should 
equal that of the formation 7’; in other words, at the 
point /, the temperature log crosses the geothermal 
gradient. This inversion point should correspond to a 
maximum of the temperature curve. Above /, the tem- 
perature in the borehole decreases as the depth de- 
creases, until an asymptotic line is reached. The asymp- 
totic line is parallel to the geothermal gradient. 


2. The asymptotic line may be found by going up the 
temperature log until it is essentially straight and draw- 


**In Fig. 2 the curve is represented above a bed such as the uppe! 
pI 


bed in Fig. 1; the same discussion, of course, would be valid for 
a bed such as the lower one. 
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ing a straight line approximating this portion of the log. 
It is necessary to go far enough above the gas zone to 
obtain a nearly straight portion of the log — but not too 
far, however, because the theory assumes that the ther- 
mal conductivity of the formation does not change. In 
practice, the log can be expected to become nearly 
straight a few hundred feet above the producing zone. 

3. The amount of gas produced by a given bed can 
be derived theoretically from the slope of the curve 
above the bed. A convenient way for this derivation 
consists in tracing the swb-tangent to the curve. Through 
any point C on the curve above the producing bed, 
a tangent CJ and a horizontal line CH can be traced. 
The vertical line through the intersection at D of the 
tangent CJ and of the asymptotic line crosses CH in 
a point E which is located on the geothermal gradient 
line. The line DE is the sub-tangent to the curve at 
a point C. The length of the sub-tangent is constant 
whatever the location of the point C above the produc- 
ing zone (this is illustrated on Fig. 2 where the sub- 
tangents DE and D’E’ at two different points C and C 
are traced). 

The length L of the sub-tangent is proportional to the 
total amount of gas’ produced by all the beds located 
below. For practical purposes, a relationship M = CL 
can be used, where M is the production of gas in thou- 
sands of cubic feet per day, at atmospheric pressure, 
and L is the length of the sub-tangent in feet. The pro- 
portionality coefficient C depends on the time elapsed 
between the beginning of production and the measure- 
ments. Its value also depends on the thermal conductiv- 
ity of the formation, the hole diameter... and on the 
presence or the absence of a casing. The curve of Fig. 3 
is a plot of C vs time. The curve was computed for an 
open hole, 6 in diameter, taking for the thermal con- 
ductivity of the formation a value of .0041 cal./degree 
cm*. This curve can be used, as a first approximation, 
for the analysis of the temperature logs. 


APPLICATION OF TEMPERATURE CURVES — 
FIELD EXAMPLES 


The application of the temperature curves will be 
discussed on field examples, coming from the San Juan 
Basin, N. Mex. 


*This is the value of K for freshly cut sandstone as given in th« 
Smithsonian Physical Tables, 8th Revised Edition, page 275. 
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Fic. 3 — PLoT OF C vs TIME IN THE GAS PRODUCTION 
FORMULA M = CL. 


M — gas production in thousands of cubic feet per day at atmos 
pheric pressure. 
l — sub-tangent in the temperature log measured in feet. 


The wells in that region are drilled with water base 
mud until the top of the gas producing series is reached 
The conventional electrical log and the MicroLog then 
are run and the casing is set. Next, the wells are drilled 
deeper with dry gas. The temperature log, radioactivity 
logs, the Induction Log, and eventually the Section 
Gauge log are recorded while the gas is flowing from 
the formations. While in the initial period of exploita 
tion most of the wells were shot with nitroglycerine, this 
procedure is being replaced more and more frequently 
with hydraulic fracturing. 

The producing series includes two main reservoirs 
referred to in the following as A and B. Reservoir A is 
usually indicated by the radioactivity and Induction 
Logs. Reservoir B (the lower one), does not always 
appear as Clearly on the logs. The porosities of the res- 
ervoir formations are shown by core analysis to vary be- 
tween 10 and 15 per cent, the permeabilities are very 
low — around | md. 


EXAMPLE | 

The left-hand track shows the temperature curve re 
corded in the well while flowing gas and before hydraulic 
fracturing. 

The conventional resistivity curves and the SP curve 
recorded in water base mud prior to running the casing 
are traced in the upper right-hand portion of the draw 
ing. 

The Gamma Ray Log and the Induction Log, run in 
the hole filled with gas, are represented at the bottom 
part. Two Induction Logging curves are traced, which 
are the reproductions of the same measurements with 
a hyperbolic and a linear resistivity scale**, respectively 

The part of the well where these two logs were run 
corresponds to the producing series. The formations are 
a sequence of sandstones and shales interbedded. Ove: 
sections A and B, the proportion of sandstones is greater 
than in the other portions of the well (the average radio- 
activity is lower). The resistivities of the sandstones 
observed on the Induction Log are comparatively high, 
which suggests the presence of gas. Sections A and B 
correspond approximately to the two main reservoirs 


**In fact, the Induction Log is primarily a “conductivity log 
recorded with a linear conductivity scale, counted from the right t 
the left. This conductivity scale, when numbered in terms of resis- 
tivity, gives the hyperbolic resistivity scale. The curve with the lines 
resistivity seale is the reciprocal of the conductivity curve. 
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EXAMPLE | — TEMPERATURE SURVEY IN GAS-PRODUC- 
ING WELL BEFORE FRACTURING, SAN JUAN BASIN, 
N. Mex., 1953. 


Four main cooling effects, corresponding to four gas 
producing zones, numbered I to IV are observed on the 
temperature log. 

Zone IV is the closest to the bottom of the hole. If 
the minor fluctuations are neglected, the curve opposite 
this section has roughly the shape of a plateau, as de- 
scribed in the theoretical analysis illustrated in Fig. 1. 
Zones I and III show the characteristic shape defined in 
Fig. 1 for beds overlying other gas producing zones. 
Zone II is a very short distance above zone III, and 
accordingly does not give rise to a large relative de- 
flection. 

The comparison of the temperature, the gamma ray, 
and the Induction Logs shows that zone I straddles 
the top boundary of section A and includes a part of 
the overlying shales. Zone II apparently is a shaly sand- 
stone, zone III a sandstone, both located within section 
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A. Zone IV is mostly shaly, and is located almost en- 
tirely below section B 

The asymptotic line has been traced above zone I. 
Also two sub-tangents D, E, and D’, E’, have been con- 
structed at two points C, and C’, of the curve, and have 
been found to be substantially equal. 

The line drawn through the extremities E, E’, of the 
sub-tangents is, of course, parallel to the asymptotic line 
and furthermore crosses the temperature curve approxi- 
mately at the inversion point /. This line is the geo- 
thermal gradient. These results tend to confirm the 
theory. 

It is not possible to trace the asymptotic line above 
zone II, because the distance from I to II is too short. 
The sub-tangent D, FE, can nevertheless be determined, 
using the geothermal gradient line. 

No such construction is possible for zone III, because 
the portion of curve between III and II is so short that 
a tangent cannot be well defined. 

An asymptotic line, and a sub-tangent D, E, are also 
traced for zone IV. 

The respective lengths L,, L., L, of the sub-tangents 
opposite zones I, II and IV are 90 ft, 70 ft and 40 ft. 

The proportions of the total production contributed 
by each zone are therefore: 


90-70 


Zone | or about 20 per cent 


90 


70-40 


Zones II and III or about 30 per cent 


40 
90 


Zone I\ or about 50 per cent. 


Taking for the C coefficient a value of 3.5, which 
corresponds to about eight hours elapsed between the 
beginning of the production and the time of the logging 
operation (see Fig. 3), the total production of the well 
is found to be equal to 3.5 * 90 = 280 Mcf/D. 

This figure can be compared to the value of 412 
Mcf/D measured at the well. The difference is reason- 
ably small, if one considers the various sources of error 
inherent in the computation (in particular the value of 
C is obtained from a curve computed for open hole, 
whereas the well above zone I is cased. Perhaps also, 
the measurement of the amount of gas produced is not 
entirely accurate either.) 


EXAMPLE 2 


In the present instance, after setting the casing the 
well was drilled with gas to 4,962 ft and a first tempera- 
ture log was recorded down to the bottom (solid line on 
the drawing). A first cooling effect can be observed 
below the casing (zone I), and another one at some 
distance below (zone I1)*. Following this survey, this 
section was fractured with 10,000 gal of oil and 10,000 
lb of sand. The measured production increased from 
300 Mcf to 1,850 Mcf/D. 

After fracturing, the well was deepened to 5,479 ft 
and a second temperature survey was made. This second 
temperature survey shows the effect of hydraulic frac- 
turing in the section from casing to 4,962 ft (dotted 
line). The lower section, from 4,962 ft to bottom had 
not been fractured at the time of the second survey (line 
in dash-dots). 


*Zone II is very thin, which explains why the curve does not show 
a sizeable plateau. 
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The coo) anomalies observed on the second tempera- 
ture log are located in the same places as zones | and II 
respectively. The curves opposite and above zone Ii are 
little different, which indicates that the production from 
this zone has not changed appreciably. On the contrary, 
the slopes of the two curves above zone | are markedly 
different, and their comparison shows that the produc- 
tion from zone I has considerably increased after frac- 
turing. 

The comparative productions of zone | before and 
after treatment can be roughly estimated in the present 
case, using the construction of the sub-tangents DE and 
D’E. 

The ratio D’E/DE = 300 ft/65 ft 
to 1,850/300 or about 6, as measured. 


It can be said also that, if C is again taken to be 3.5, 
the respective productions calculated before and after 
fracturing would be equal to 230 Mcf and 1,000 Mcf/D, 
against 300 and 1,850 measured. 

It is furthermore noticed that the amplitude of the 
cooling anomaly at the level of zone | is much smaller 
after fracturing than before. An explanation can be ten- 
tatively suggested for this somewhat surprising effect: 
after the process of fracturing, the permeability of the 
formation, on the average, becomes large around the 
borehole; beyond this the formation is not affected and 
the permeability remains small. Accordingly, when the 
gas is flowing, the radial pressure gradient is compara- 
tively small near the borehole and becomes great only 
where the formation is untouched. In other words, the 
greatest part of the cooling occurs far enough from the 
borehole that the temperature in the borehole is com- 
paratively little influenced. 


4.5, compared 


EXAMPLE 3 


A first temperature survey was made in this well 
down to the bottom at 5,475 ft before fracturing. One 
main cooling effect (zone I) is shown, at the level of 
a sandstone within reservoir A. The second temperature 
curve, recorded after fracturing, shows this productive 
zone widely extended upward, throughout the top part 
of reservoir A and the overlying shaly interval (zone I’). 

The comparison of the slopes of the two curves, above 
zones I and I’ respectively, brings to the light the impor- 
tant increase of production after treatment. No sub- 
tangents are traced for comparison in the present ex- 
ample, because the curve after fracturing was not re- 
corded high enough to make possible the construction 
of an asymptotic line. 

The log also shows several other zones, which pro- 
duce small amounts of gas (sharp breaks in the curve): 
Zone II and zone II’ are sandstones. Zone III’ is a shale, 
zone IV’ is at the boundary of a shale and a sandstone, 
and zone V’ includes both sandstones and shales. 


EXAMPLE 4 


This survey was also made under conditions identical 
to the ones described in the preceding examples. The 
first temperature log shows two gas producing sand- 
stones I and II, within reservoir A. After fracturing, the 
second curve shows a large cooling anomaly at I’, just 
below the casing. (Actually, the upper boundary of the 
gas producing zone is the casing shoe itself.) A com- 
paratively small deflection of the curve is still observed 
in the vicinity of beds I and II. 


The curves, therefore, show that the bulk of the pro- 
duction after fracturing comes from a new zone I’, 
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EXAMPLE 2 — TEMPERATURE SURVEYS IN GAS-PRODU‘ 


ING WELLS BEFORE AND AFTER HYDRAULIC FRACTUR 
ING, SAN JUAN BAsIN, N. Mex., 1954. 


which was not producing before fracturing. This zone !s 
located within a shaly interval at some distance above 
the main reservoir. 


DISCUSSION 


OBSERVATIONS 


The observations made on the logs and illustrated by 
the above typical examples can be summarized as fol 
lows: 

1. The production of gas may come from intervals 
different from the main reservoir rocks, and this par 
ticularly after hydraulic fracturing. 

2. The gas producing intervals are often located with 
in those zones where shales are predominant, or nea: 


115 





h—WATER BASE MUD—~ 


| se CONVENTIONAL RESISTIVITY 
TEMPERATURE (DEGREES F) er aaa 
(HOLE FILLED WITH GAS) 


+ | 








| 
4 


reservort shown by the Gomme | 
ray ond indug¢tion logs 








Curve gecorded betore 
Perovic Noster ng, 


a eee 
} + ! y 


, 








a 


} i Os eee eee a ae ans 
1 } } ; } 


















































Hote Orameter ( Below cammg) = 6%" 
¥ gre Ro-eg/ton RESISTIVITY (onms/m) 


EXAMPLE 3 — TEMPERATURE SURVEY IN GAS-PRODUC- 
ING WELL SHOWING THE EXTENSION UPWARD OF THE 
MAIN GaAs-PRODUCING ZONE AFTER HYDRAULIC FRAC- 
TURING (I, BEFORE FRACTURING — I’, AFTER 
FRACTURING). 


the boundaries between comparatively thick shales and 
sandstones. 

3. The gas producing zones after fracturing very 
often are not at the same depths as before treatment. 

When the logging operations were started in this 
basin, the wells were not yet treated by hydraulic frac- 
turing, and the observation that the gas would escape 
preferentially across the shaly sections seemed rather 
surprising. Later on, this tendency has become more 
conspicuous and systematic in the wells surveyed after 
fracturing. 

It has been, therefore, tentatively concluded that the 
gas may be produced from secondary reservoirs, such as 
sequences of thin sandstones within shaly intervals, 
and/or that it may migrate from the main reservoirs 
along fractures, either natural or induced, connecting 
those reservoirs with shaly sections. 


One point of particular interest is that in many in- 
stances the temperature logs show the gas coming out 
from the boundaries between sandstones and shales. 
Furthermore, those shaly zones which are the main gas 
producers are actually sequences of numerous thin 
shales and sandstones. In other words, they contain 
a large number of sand-shale interfaces, which, in the 
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case of low permeability formations, may constitute the 
easiest way for the gas to flow into the borehole. 

It is likely that the capacity of the interfaces to drain 
gas does exist in the natural conditions of production. It 
has been recognized, for example, that section B, before 
fracturing, usually produces more gas than section A, 
although the total thickness of reservoir rock is greater 
in A than in B. This comes from the fact that the beds 
in section B are on the average thinner and more numer- 
ous, and therefore, the interfaces are more frequent than 
in section A. This capacity of the interfaces is appre- 
ciably increased by the hydraulic fracturing, since ap- 
parently the interfaces constitute zones of least resist- 
ance. 

It may be suggested, therefore, that the hydraulic frac- 
turing in general, when operated throughout a large 
interval which includes other formations besides the 
reservoir rocks, may result in creating channels at depths 
which are not necessarily favorable for the most effi- 
cient drainage, as for example sand-shale interfaces lo- 
cated at a great distance from the reservoir rocks. It 
may thus be possible that the initial production obtained 
after fracturing, although very important, may not keep 
up because the fracturing operation has opened only 
some intervals with comparatively small reserves, where- 
as the main reservoirs may be essentially unaffected by 
the treatment. 


GRAPHICAL CONSTRUCTION 


The graphical construction used to determine L is 
certainly a convenient way to estimate the amount of 
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EXAMPLE 4 — TEMPERATURE SURVEYS IN GAS-PRODUC- 
ING WELL BEFORE AND AFTER HYDRAULIC FRACTURING 
SHOWING THE DISPLACEMENT OF THE MAIN PRODUCING 
ZONE FROM SANDSTONES I AND II To THE OVERLAYING 
SHALES I’, SAN JUAN BAsIN, N. Mex., 1954. 
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gas produced by each zone. It should be emphasized, 
however, that the accuracy of this procedure chiefly 
relies on the determination of the asymptotic line, which 
is not always obtained with enough precision. One diffi- 
culty in this respect is that the temperature logs usually 
are not recorded high enough above the upper produc- 
ing zone. 

Should the value of the geothermal gradient for the 
region under investigation be knewn, the value of L 
could be also obtained by tracing the geothermal grad- 
ient through the inversion point I. But here again, un- 
certainty will arise as to the location of the point I be- 
cause of the small curvature of the log around its maxi- 
mum. 

Furthermore, the value of the coefficient C in formula 
M = CL involves several factors which are not always 
sufficiently well defined. 

The procedure described above cannot, therefore, be 
considered as applicable in all cases for a determination 
of the absolute production. It may nevertheless be val- 
uable in assessing the relative productions of each of the 
zones producing at the same time, or to compare the 
productions before and after fracturing. 


THEORETICAL DERIVATIONS 


As stated above, the essential rules for the interpre- 
tation of the temperature log have been determined by 
mathematical analysis and confirmed by field experience. 

The essential derivations are explained below. 


Basic COMPUTATIONS 

Let z be the distance measured upward along the axis 
of the borehole from some convenient reference point, 
and M(z) be the amount of gas flowing per unit time 
along the borehole. If m(z) is the amount of gas pro- 
duced per unit height and per unit time, then clearly 


Ree, ae 
dz 

The following assumptions will be made: 

1. There is sufficient turbulence in the flow of gas in 
the borehole that it is essentially homogeneous in tem- 
perature and pressure across any section of the borehole. 

2. The gas is at the same temperature as the wall of 
the borehole. 

3. Due to its expansion, the gas being produced has 
been cooled a certain amount 5T below the temperature 
T’(z) of the formation remote from the borehole. This 
amount, of course, will depend on the nature of the bed. 
Any effect on the cooling caused by changes in the bore- 
hole gas temperature T should be smal! and is neglected. 

4. The effect of heat conduction in the formation 
parallel to the borehole may be ignored. 

5. The pressure in the borehole is effectively atmos- 
pheric pressure. 

6. Convection of heat in the formation may be neg- 
lected. 

Consider a small length Az of the borehole lying 
between z and z + Az. The amount of gas entering this 
volume from below at a temperature 7(z) is M(z) and 
the amount entering from the formation at a tempera- 
ture 7’(z) — 8T is m(z) Az: see assumption 3. These 
two streams of gas are mixed together and leave the top 
of this element of volume at a temperature T(z + Az). 

The heat absorbed by the first stream per unit time is 

ae tet Oe T(z). . . . (2) 
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While that for the second stream is 

m(z) Az C, [T(z + Az) T+ 37]. (3) 
with C, being the specific heat of the gas at constant 
pressure. The sum of these heats is assumed supplied 
by conduction of heat from the formation and is there- 
fore given by the expression 


oT 
(27a Az) K ( ) ‘ 
er r a 
where 


K: conductivity of the formation 
a: radius of the borehole 


oT : radial component of the temperature grad 
or}, ient at the wall of the borehole. 


It is convenient to write in place of Equation 4: 
2za Az k [T’(z) Pierce. > (5) 


(;;) 
k= K or Jr = Prat i ££) 


~ T(z) — T(z) 
is a proportionality constant which, however, is depend- 


ent somewhat on the length of time the well has been 
flowing. 


where 


Equating the sum of the expressions in 2 and 3 to that 
in 5 and dividing by C, Az one has: 
Mz +. 42) — Fe 


M(z) | re 


| + m(z) [T(z + Az) 


ad 2zak 
T’(z) + 8T) = ——IT’(z) T(z)| 
C, 
Letting Az approach zero and rearranging terms, we 
have the differential equation: 


27a 
ail 


dT 
M(z) Fs a > 


k 
|i) T’(z)] més7 
(7) 


Since the temperature of the formation 7’(z) remote 
from the borehole may be assumed to be given by: 


~ 
“~ 


I ee 2 er 6.) 
g 


where 7’, is the formation temperature at z = 0 and 
g is the geothermal gradient, one may write in place of 
Equation 7 the differential equation: 


d 
M(z) — (T’(z) — T(z)] + 
dz 


2zak 
mca + | (T’(z) — T(z)] = méT 
P 


CHARACTERISTICS OF THE CURVE AT THE LEVEI 
OF THE GAS PRODUCING ZONES 


Assuming a uniform gas producing bed, m/z) is a con- 
stant, which will be referred to as m, and if we take 
z = 0 at the bottom of the bed 

Ret Oe ee ass lw et ow F490) 
where M, is the quantity of gas coming from the beds 
below. The differential Equation 9 thus becomes 


d 
(z + eo) G, P'(2) — 7(z)] + af{T’(z) — Tiz)] 


ye ae ewan. . €41) 
2 





(12) 


A general solution of Equation 11 is seen to be: 


8T zt é& B 
T’(z) — T(z) = - _ 6 u€13) 
(z) (z) : wt +? Geer 
where B is an arbitrary constant. Assuming that the 


bed is sufficiently thin so that the change in 7’(z) across 
l 

it can be neglected (this amounts to taking — = 0), one 
g 


has: 
y, —*T, s i, erie, ee) 
a (zg +: &3}* 
Solving for B in term of the temperature 7, at the bot- 
tom of bed, one then has: 


T(z) = T’. “7 i) ‘ 


a Co 


[r. r+ dal eee) 
a 

When the producing zone is the closest to the bottom 

of the hole, there is no gas coming from below the bot- 


tom boundary; then e, =0 and in Equation 15 


&. 
Equation 15 reduces to: 
R 8T 

a 
which shows that, if the producing formation is homog- 
eneous, 7(z) is constant: in other words, the curve 
should exhibit a plateau. 

For the bed above the bottom beds e, is no longer 
equal to zero, and Equations 14 and 15 show that the 
temperature decreases as z increases. 

At the top of a gas producing bed, whether it be the 
bottom bed or not, the entry of the cool gas from the 
formation ceases and one has left only the warming due 
to conduction of heat from the formation. Thus the tem- 
perature of the gas will start to rise once the top of the 
bed is passed, and one has a very distinct indication of 
the upper and lower limits of a gas producing bed. 


} mF 
+ 1 is also equal to zero. 


T(z) = T’. (16) 


TEMPERATURE CURVE ABOVE A PRODUCING ZONE 

We will now take z = 0 at the top of the bed. 

Above a gas producing zone, m(z) is zero and M(z) is 
constant. The differential Equation 9 therefore becomes: 
as 2zak 
T(z)} + M cl (z) 
The general solution of this differential equation is seen 
to be: 


i 
“{T’(2) T(z) = (17) 
dz g 


L ‘ 
T(z) = T(z) + Ae Hits / ee) 
g 


where A is an arbitrary constant and 

MC, 

~ 2nak 
The last term in Equation 18 becomes small as z 
becomes large and thus T approaches the asymptotic line 

shown in Fig. 2 whose temperature is given by 
Werkewer,—-fo2s". < . an) 
g g 


(19) 








where 1”, is the formation temperature at the depth of 
the top of the bed. 

This line corresponds to a temperature L/g degrees 
greater than that of the geothermal gradient, 7°. As 
seen from Equations 8 and 20, it represents the same 
temperature at z as that for the geothermal gradient 7’ 
at z — L. Thus it may be looked upon as a vertical 
displacement of L feet of the geothermal gradient in the 
direction of shallower depth (see Fig. 2). 

This displacement L is equal to the sub-tangent DE 
at any point C of the curve above the producing zone. 

It has been explained qualitatively in the section of 
this paper entitled “Temperature Curve above a Produc- 
ing Zone” that the temperature log crosses the true geo- 
thermal gradient, at the inversion point /, which corre- 
sponds to a maximum of the temperature log. This fea- 
ture can be proved as follows 

The maximum of the temperature log is obtained by 
differentiating 7(z), given by Equation 18, with respect 
to z and setting this derivative equal to zero. Thus Z,, 
the value of z at the maximum, is found from the 
equation: 

dT 


dz 


I 
Lin 
gA 


For this value of z from Equations 18 and 20: 


T(z) id 
which by Equation 21 is 


T(z,) ' * Z eee 


Thus the gas temperature log crosses the geothermal 
gradient at this point. 


DETERMINATION OF AMOUNT OF GAS PRODUCED 

As shown by Equations 12 and 19 the amount of gas 
produced M is related to the length L of the sub-tangent, 
obtained as in Fig. 2, by the equation 

M=CL . — a 

The magnitude of C is therefore seen to depend on the 
length of time the well had been flowing before the 
temperature log was run. This arises from the fact 
that the temperature gradient about the hole will de- 
crease with time and less heat will be conducted to 
the gas for the same temperature difference T’ ‘¢ 

According to Equations 6, 19 and 24, the constant C 
is given by 


(25) 


2oxatlor) “as 


Cc I’ (z) 

For the computation of the second factor in Equa- 
tion 25, we will consider the case where the tempera- 
tures T of the borehole and 7’ of the formation are 
independent of z. 

The temperature 7(r) in the formation just outside 
the borehole should be very nearly logarithmic with 
r and given by 

’ 


log ' 
T(r) T+(17 7 - (26) 


} 
log 2 
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where 7, is the temperature at r 2a and T is the 
temperature at the wall of the borehole. From this 
equation 

i, =F 


aT * 
erj.—-, a@log2 


which substituted in Equation 25 gives: 
_ 2a. aoe 
~ €,log2 T’ —T 
Here we have taken 

K = 0.0041 calories/degree-cm* 

C, = 0.593 calories/degree-gm (methane). 

Changing the system of units so that M is measured in 
thousands of cubic feet per day and L is measured in 
feet, the expression for C becomes: 
tT, ~-T] 
7 — T | es 
The ratio of temperatures (7, T)/(T’ T) as a 
function of time was obtained numerically by using a 
finite difference approximation to the heat flow equa- 
tion. The graph of C vs time as given in Fig. 3 then 
results. 


(27) 


T, 
= 0.0626 — 
T 


(29) 


c=87| 


CONCLUSIONS 


A method for the investigation of gas producing 
wells has been described, which essentially involves 
the recording of detailed temperature logs by means 
of a special high speed thermometer, and wherein the 
radioactivity and Induction Logs constitute the auxiliary 
documents. 

With this method, the temperature logs determine the 
exact location of the gas producing zones. In favorable 
cases, they also give an approximate estimation of 
the amount of gas produced by each separate zone. 
The other logs give an approximate delineation of 
the reservoir formations. 

The application of the method has shown that the 
gas producing zones are not always located at the 


"See first Footnote page 113. 
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samme depths as the main veservoir formations, but 
rather within shaly intervals, which contain a great 
number of sand-shale interfaces. This tendency is em- 
phasized after hydraulic fracturing. 

It has also been observed that the gas very often 
does not enter the wells at the same depths before 
and after hydraulic fracturing. 

On the basis of these observations, a tentative con- 
clusion has been reached that the ways opened by 
hydraulic fracturing are not necessarily at the right 
place for the most efficient drainage. 

A mathematical study has provided the basis for 
the interpretation of the temperature logs, by deter- 
mining the characteristic shape and significant features 
of the temperature curve opposite and above a gas 
producing zone. 
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